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INTEGRATED WASTE MANAGEMENT AS A 
CLIMATE CHANGE STABILISATION WEDGE FOR 
THE MALTESE ISLANDS 
 
Planet Earth is finding difficulty in dealing with the continuous increase in anthropogenic 
greenhouse gas emissions. This is leading to change in climate which leads to extensive 
damage to communities, ecosystems and resources. This study is focussed on the waste sector 
which is the second largest greenhouse gas emitter in the Maltese islands after the energy 
(including transport) sector. Moreover, if practiced according to standards, waste management 
can lead to emission reduction. 
This work is based on the Stabilisation Wedges strategy and specifically focused on the 
integrated waste management wedge. Moreover in this work a Life Cycle Assessment 
methodology is implemented. Ten different scenarios applicable to the Maltese municipal 
solid waste management sector are analysed. These scenarios are accompanied by a causal 
loop diagram to enhance the understanding of the Malta‟s waste management variables. The 
calculations are performed through the IPPC-Model and the SWM-GHG Calculator.   
From the calculations performed, the scenario that is most coherent with the Stabilisation 
Wedges strategy for the Maltese islands consists of 50% landfilling, 30% mechanical 
biological treatment and 20% recyclable waste export for recycling. It is calculated that 
16.6Mt less CO2-e gases would be emitted over the next 50 years by means of this integrated 
waste management stabilisation wedge when compared to the business-as-usual scenario.  
This work shows that in order to be effective, these results must be put into practice within a 
policy framework that includes certain concepts such as Integrated Waste Management, the 
xvi 
 
Precautionary Principle, and Extended Producer Responsibility amongst others. Moreover 
the implementation stage must cater for Malta‟s specific necessities. The work also highlights 
the importance of waste separation and collaboration between the stakeholders involved.   
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Dr. Maria Papadakis                   October 2011 
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1 Introduction 
1.1 Introduction to the topic 
Climate change has been occurring ever since the formation of planet Earth (Burroughs, 
2007). Initially having minimal impact, climate change rarely attracted the attention of the 
human population. Moreover, planet Earth has the capability to counter-affect these natural 
causes of climate change (Van-Ypersele, 2011).  However now, due to the increase of 
anthropogenic causes, planet Earth is finding it more difficult to compensate for these changes 
and the effects of climate change have started to have more impact. This issue, which now has 
become a regular topic in political agendas (Munasinghe and Swart, 2005), has large 
economic and environmental effects  (Burroughs, 2007). 
However climate change should be perceived as an opportunity and not a hazard (ISWA, 
2009). Today studies have advanced and have identified certain areas (such as waste 
management) that can seriously combat climate change. This can be done through policies 
and technologies that reduce and recover the greenhouse gases (GHGs) emitted into the 
atmosphere (ISWA, 2009).  
The strategy of stabilisation wedges (Pacala and Socolow, 2004) is a policy tool that intends 
to combat climate change within the next half century and with the current know-how. This 
strategy suggests various areas that mitigate climate change, but it was the work conducted by 
Bahor et al. (2009) that proved its application in the field of waste management.  Being the 
backbone of the work presented in this dissertation, these two studies will help focus these 
tools on the circumstances present in the Maltese islands.     
According to (Wasteserv, 2011) Malta‟s waste management scenario can offer “unique 
working conditions”. This is mainly due to the fact that the islands are characterized by a 
relatively high population density and small land area that is separated from the rest of the 
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European continent. Moreover the island‟s practice of sustainable waste management is quite 
recent (Wasteserv, 2008).    
 
1.2 Problem Statement 
In 2008 the Maltese produced 696 kg of municipal solid waste per inhabitant. Out of this 
waste 648 kg per inhabitant was landfilled in the same year (Eurostat, 2010). The waste being 
generated is increasing at an annual rate of 2.4% (MRRA, 2009a). Malta‟s relatively recent 
membership in the European Union has brought binding commitments with respect to the 
management of this waste. The Maltese islands are also obliged to follow other international 
policies such as those from the United Nations. Looked at from a different perspective, the 
islands are suffering from the imperfect management practices of the past (Wasteserv, 2008, 
MRRA, 2009a). 
Malta‟s most utilised waste management strategy is landfilling (Eurostat, 2010, ADI-
Associates, 2009). In fact in 2008 Malta landfilled 96% of its generated waste (Eurostat, 
2011a). Landfilling is a practice that, apart from limiting the islands‟ already scarce land area, 
generates gaseous pollutants. The gaseous pollutants coming from waste amount to 6.6% of 
the total national greenhouse inventory of Malta (MRRA, 2009a). The most significant gas 
resulting from this kind of waste management is methane (Bernstein, 2007). Methane is a 
greenhouse gas and has a global warming potential of 23 (US-EPA, 2011). In 2009 Malta‟s 
methane emissions amounted to 269Gg (MRA, 2011). Furthermore the Maltese islands are 
experiencing a significant population increase. This increase amounted to 7.1% between 1995 
and 2005  (NSO, 2010a). Increase in population is accompanied by an increase in generated 
waste, therefore aggravating the emissions generated from waste.   
In these circumstances the Maltese islands are currently practising a waste management 
strategy that is not sustainable because it is based on landfilling and waste export. Such a 
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strategy is not compliant with the EU directives. Furthermore this strategy is leading to the 
generation of GHGs that are having a detrimental effect on climate change.    
Waste management in the Maltese islands offers several challenges. Much of the recent 
developments were done in the last decade due to a drive from the EU (Wasteserv, 2008). 
Thus there is a significant lack of local data and know-how in this field (Schembri, 2010). The 
majority of locals do not think of waste management as their problem but the government‟s, 
and are therefore reluctant to participate in the schemes implemented (Valasco et al., 2008). 
Furthermore Malta has a small economic market, so it is more difficult to perform waste 
management activities at a profit (Schembri, 2010, Cordina, 2011). This toughens decisions 
taken in this line of work more than in any other larger country.   
However municipal solid waste ought to be treated as a valuable resource and human 
populations should profit from all of its benefits (Azapagic et al., 2003). There are various 
studies (mostly foreign) that can be evaluated and adapted for the Maltese case scenario.  The 
best starting point is to follow the waste hierarchy, because it provides a framework that leads 
to waste reduction and reuse at the expense of landfilling (EU, 2004a). Further studies include 
the recent strategies of stabilisation wedges (Pacala and Socolow, 2004) and the integrated 
waste management wedge (Bahor et al., 2009). When combined together these two studies act 
as a policy tool box that focuses on waste management activities in order to mitigate the 
climate change problem (Bahor et al., 2009, EU, 2005b).  
In this dissertation, greenhouse gas emissions shall be used as an environmental indicator both 
for climate change and sustainable waste management. The aim of this is to utilise the 
changes in greenhouse gas emissions as a feedback signal for the design of a policy 
framework. The framework is intended to reduce the amount of waste being landfilled and 
hence the amount of greenhouse gases being emitted into the atmosphere. Furthermore two 
principal environmental fields would benefit from this work, namely waste management 
strategies and climate change control.  
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1.3 Research Questions 
The problem statement presented in Section 1.2 and the analysis published by (Pacala and 
Socolow, 2004, Bahor et al., 2009) as applied to the Maltese scenario give rise to the 
following research questions which shall be addressed in this work: 
 What are the current Maltese waste management practices and the waste quantities 
directed to them? 
 How much greenhouse gases are being generated by the current Maltese waste 
management practices?  
 What are the future trends and quantities with respect to greenhouse gases emitted by 
the Maltese islands waste management sector? 
 How can the Maltese islands have better control on the gases being emitted and the 
waste being landfilled?  
 Would a waste management policy toolbox be of potential benefit to the Maltese case 
scenario? 
 
1.4 Research Hypothesis 
The answers to the previously mentioned research questions will be used to sustain the 
following hypothesis: 
“The integrated waste management stabilisation wedge as a policy toolbox can contribute to 
the reduction of greenhouse gases emitted by the Maltese islands.” 
The integrated waste management stabilisation wedge is composed of a policy framework. 
During this study this policy framework will be implemented in the Maltese waste 
management scenario to determine if it yields the desired results.  
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1.5 Research Objectives 
In order to answer the mentioned research questions and evaluate the proposed hypothesis, the 
following objectives are set for this dissertation  
 To assess the waste management practices utilised in the Maltese islands; 
 To quantify the greenhouse gas generated by current waste management practices; 
 To model waste management dynamics in the form of causal loop diagrams; 
 To apply the stabilisation wedges strategy on the Maltese waste management field; 
 To simulate the greenhouse gases generated by the Maltese waste management 
system within the next 50 years in various policy scenarios;  
 To come out with a policy framework to control and reduce the greenhouse gases 
generated by the Maltese waste management system 
 
1.6 Justification of Research 
In general, a stabilisation strategy applied to a topic under study is a method of evaluating 
what has been done so far and, determining which activities are being successful and which 
are not. Most importantly it is a way of planning for the future. It yields various solutions that 
can be selected to solve the topic under study. Such a strategy is an ideal tool for the Maltese 
waste management scenario since the latter is currently in transition to more sustainable 
practices. Thus it is much easier to input new policies into a system when it is relatively 
young rather than when it is already developed and widely practiced.  Moreover if practiced 
according to set standards, waste management can lead to emission reduction (Christensen et 
al., 2009). This is an attribute that is difficult to achieve in other GHG emission sectors 
(UNEP, 2010). The success of this attribute is mainly due to recycling, which recovers GHG 
emissions due to decreasing the requirements of virgin materials. Moreover the processing of 
recycled materials is less energy intensive (emits less GHGs) when compared to virgin 
materials.  
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This dissertation can also serve as a method of establishing environmental auditing 
procedures that are highly helpful in the local environmental scenario. All EU countries are 
required to submit such auditing to the Union on a regular basis. Furthermore the EU 
constantly increases its environmental goals. Therefore such planning activity should assist 
the Maltese islands to reach its future EU targets.  
Waste management studies are not widespread in Malta and this dissertation would also 
contribute to enrich the research gap currently present in this area. Furthermore on an 
international level there exists poor data regarding waste management effects on climate 
change through GHG emissions (UNEP, 2010, Brown, 2002).  This study can also serve to 
encourage other similar studies to follow. 
 
1.7 Outline of Dissertation Structure 
This chapter lays the foundation of the dissertation by defining the problem statement and 
defining the research questions, hypotheses and objectives. This is followed by the literature 
review in Chapter 2. This review discusses the stabilisation wedges strategy, the related 
policies, climate change and waste management. This chapter ends by giving information on 
Malta‟s typical circumstances. 
This dissertation follows a methodology that is based on a typical life cycle assessment 
format. In fact Chapter 3 includes the designed policy scenarios and their causal loop 
diagrams. The methodology leads to GHG trends. In fact these results are presented in the 
first part of Chapter 4.  The discussion of the results follows in the second part of Chapter 4. 
Chapter 5 deals with policy implementation and consists of a discussion on various guiding 
principles together with the implementation of the waste wedge scenario. The dissertation 
ends with the conclusions in Chapter 6. These consist of a review of the initially defined 
research questions, hypotheses and objectives together with the principal highlights and 
contributions of this work. 
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2 Literature Review  
2.1 The Stabilisation Wedges Strategy 
The stabilisation wedges strategy is the result of the Carbon Mitigation Initiative (CMI) 
intended to combat the GHG problem. This was developed by Robert Socolow and Stephen 
Pacala in a joint project by Princeton University, BP and Ford Motor Company (Hotinski, 
2007). This strategy is also approved by the EU climate change strategy to combat climate 
change (EU, 2005a). 
The drive behind the development of this strategy has originated from the large amount of 
carbon that is currently present in the atmosphere (Hotinski, 2007). In fact planet Earth‟s 
atmosphere presently has 800 billon tons of carbon in the form of CO2, while combustion of 
fossil fuels alone increases this number by 7 billion tons per year (Bahor et al., 2009). Out of 
this amount, the ocean and the land biosphere take 3 billion tons annually. Thus there is a net 
annual increase of around 4 billion tons of CO2. These processes are presented graphically in 
Figure 2.1 (Hotinski, 2007). Furthermore, in the last decade (2000-2010), there was a CO2 
increase from 369.40ppm to 389.78ppm (Tans and Keeling, 2011). This increase can be 
attributed to human activity mainly due to burning of fossil fuels, industry, agriculture and 
waste (Van-Ypersele, 2011).  Current models show that in five decades‟ time, between 14 and 
16 billion tons of carbon will be added to the atmosphere (Hotinski, 2007). 
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Figure 2.1 Carbon flows in the atmosphere (Hotinski, 2007) 
 
According to Pacala and Socolow, the target set by stabilisation wedges is intended to be 
achieved by current scientific, technical and industrial knowledge and within the next 50 
years. In fact the strategy developers are highly optimistic about this invention, saying that 
“Humanity can solve the carbon and climate problem in the first half of this century 
simply by scaling up what we already know how to do.”  (Pacala and Socolow, 2004) 
The intention of the stabilisation wedges is explained in Figure 2.2, where this contains a 
sketched graph of time in years (x-axis) versus the carbon emitted in billions of tons per year 
(y-axis). The serrated orange line represents the carbon emitted from 1950 till present times. 
From this point onwards the orange line takes two directions (Hotinski, 2005).  
One trajectory is flat (horizontal orange line), which assumes that carbon will continue to be 
emitted with the current rates of around 500ppm and does not increase for a period of 50 
years (Bahor et al., 2009). This way, emissions are stabilized at current rates. The 50 year 
period is selected because this duration could be taken as the length of a typical career and the 
time a plant can serve properly, after which new innovations are usually adopted.   After this 
period is reached, the plan is to reduce the current emissions even further (Pacala and 
Socolow, 2004).  
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The second trajectory (black dotted line) represents the business-as-usual (BAU) scenario. 
The BAU is the trajectory if the human population continues increasing emissions with the 
present rates of increase. The blue area under graph represents the allowed emissions while 
the green area corresponds to the emissions which are to be avoided in order to follow a flat 
“stable” trajectory. In other words, in order to keep the current emission rates stable, one has 
to be concerned about the green triangle of Figure 2.2. That is what Socolow and Pacala dealt 
with in the development of the stabilisation strategy (Pacala and Socolow, 2004, Hotinski, 
2007). 
 
Figure 2.2 The idea of the stabilisation triangle. In order to be successful the emissions must follow the 
orange “stabilisation” trajectory (Hotinski, 2005) 
 
The green triangle represents the emissions that are to be avoided from entering into the 
atmosphere. In reality there are various ways in which this can be done. This comes from the 
fact that the climate change problem is not solvable in only one way but by making use of 
various strategies. These strategies are the wedges, which in Figure 2.2 are represented by the 
sub-divisions in the green triangle (Hotinski, 2007, Pacala and Socolow, 2004).  
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Figure 2.3 The wedge in the stabilisation strategy (Hotinski, 2005) 
 
Figure 2.3 shows a typical wedge of the stabilisation strategy. Each wedge represents one 
action that reduces pollutant emissions; it starts from zero and increases linearly till it reaches 
1GtC/year of reduced carbon pollution in 5 decades. The wedge is part of the area under the 
graph (shown in Figure 2.2), thus it represents the emissions. By calculating the area of the 
wedge, the amount of emissions avoided would be determined. In this case it amounts to 25Gt 
of carbon. The number of wedges required depends on the number of emissions emitted to the 
atmosphere where such number of pollutants is highly dictated by the adopted lifestyle of the 
population.  One must note that the exclusive focus on CO2 is because it is the most dominant 
anthropogenic gas. Other gases are considered by employing the CO2 equivalent emission 
factor (Hotinski, 2007, Pacala and Socolow, 2004). 
As mentioned earlier, the strategies or wedges used to reduce carbon emissions consist of 
various areas. Socolow and Pacala initially suggested the areas bulleted below, however they 
left the possibility for other areas to fit into their model (Hotinski, 2007): 
 Energy efficiency and conservation 
 Fossil fuel based strategies 
 Renewables and storage  
 Nuclear Energy 
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2.1.1 Integrated Waste Management Wedge  
Pacala and Socolow gave the opportunity for further research in defining new wedges to form 
part of the stabilisation strategy. (Bahor et al., 2009) took this opportunity and evaluated 
integrated waste management as a stabilisation wedge. The integrated waste management 
wedge consists of shifting the amounts of municipal solid waste (MSW) from un-engineered 
landfilling to recycling and composting (known as recycling in literature), waste-to-energy, 
and advanced landfilling. This is called the Waste Wedge Scenario (Pacala and Socolow, 
2004).  
This Waste Wedge Scenario was analysed by considering the current technologies and know-
how in order to be consistent with the stabilisation wedge strategy described in Section 2.1. 
The study of (Bahor et al., 2009) also considered current EU legislations. Furthermore an 
important consideration taken in the study was that the increase in population in the next 50 
years would be accompanied by an increase in MSW generation quantities.  
The life cycle assessment (LCA) methodology used in this work is the Excel-based Waste 
Reduction Model (WARM). The study (Bahor et al., 2009) through the application of WARM 
shows that the waste wedge scenario has the capability of reducing GHG emissions by at least 
1GtC annually. Thus the study of  (Bahor et al., 2009) confirms that integrated waste 
management can act as a stabilisation wedge to combat climate change. Moreover the study 
points out the success of the EU waste hierarchy that is already implemented. However the 
EU policies must be backed up by national and international policies in order to reach their 
ultimate potential.    
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2.2 Climate Change 
2.2.1 Background  
Climate change is the long term statistical variation in either the average state of the climate 
(like temperature, precipitation, clouds or wind) or in its variability (Baede, 2003, US-EPA, 
2011). Climate variability refers to the mean state and other statistical data which includes 
standard deviations and the occurrences of the extremes. The long term periods are 
understood to be a number of years longer than ten (Baede, 2003). A further definition is that 
climate change is attributed directly or indirectly to human actions. Such actions change the 
atmospheric constituents and their proportions, leading to long term changes in climate 
(Gillespie, 2006). Climate change is currently observed, but its main impacts will affect us in 
the future. Thus climate change must be observed in future scenarios (Munasinghe and Swart, 
2005). 
Change of climate is influenced by the change in energy balance of the climate system. This 
balance is affected by the solar radiation entering and leaving planet Earth. Climate change 
may be caused by natural processes, natural factors or human activities. Natural processes are 
referred to as internal processes while natural factors and human activities are referred to as 
external factors (US-EPA, 2011). In reality, when determining the causes of climate change it 
is difficult to point out a single cause. The true cause of climate change is a combination of all 
the individual causes (Munasinghe and Swart, 2005). 
Large scale ocean circulation also known as thermohaline circulation is an example of a 
natural process which leads to climate change.  There are various factors which are wind 
driven that lead to changes in the density and temperature of sea water. Thermohaline 
circulation supplies the heat in various regions of the Earth and it influences the radiation 
transfer (Trenberth, 2001, Burroughs, 2007). This radiation transfer is due to the fact that 
thermohaline affects the amount of CO2 emitted into the atmosphere (Seager, 2006). 
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Solar output is an example of a natural factor influencing climate change. During the years, 
the solar radiation varies. These variations could be either short term (such as the 11-year 
solar cycle) or other long term modulations (Willson, 2003). Research shows that solar 
variability affects the climate by making it either hotter or cooler (Remer, Edouard, 2000).  
Volcanic eruptions are a further natural cause of climate change. During the eruption, gases 
(mostly sulphur dioxide) and particulates are released into the atmosphere. These particles 
remain suspended for a number of years while spreading around the Earth. This process 
hinders the transmission of solar radiation to the Earth‟s surface and vice versa (Diggles, 
2005, Burroughs, 2007). 
On the other hand anthropogenic sources of climate change are those caused by humans; these 
sources are much greater (in quantity) than natural sources (Gillespie, 2006). However 
according to (Solomon, 2009) the severity of human induced climate change is not dependent 
only on the magnitude but also on the irreversibility potential.  In fact (Solomon, 2009)  
proved that climate change caused by CO2 emissions is irreversible for 1,000 years following 
the halting of pollutants.  
The anthropogenic sources of climate change are mainly caused by GHGs. These sources are 
continuously increasing (Nova, 2008). Human induced GHG have increased since 
preindustrial times but between 1970 and 2004 there was an observed increase of 70% 
(Bernstein, 2007). These GHGs are mainly caused by several sources namely energy supply, 
transport,  residential and commercial buildings, industry, agriculture, forestry and waste 
(Bernstein, 2007). The percentage contribution of these sectors in the EU is shown in the pie 
chart of Figure 2.4. From this chart it can be noticed that 64.4% of the GHG emissions are 
related to fuels. The rest of the GHG emission activities are related to energy (14.7%), 
industrial processes (8.3%), agriculture (9.6%) and waste (2.8%) (Eurostat, 2011a).  
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Figure 2.4 EU GHG emissions by sector in 2008 (Eurostat, 2011a) 
 
Figure 2.5, from (Bernstein, 2007), shows the different gases leading to the generation of 
GHGs by various emitting sources. These gases are CO2, CH4, N2O and F-gases. The most 
generated gas is CO2, however this has the least global warming potential (US-EPA, 2011). 
Conversely the CO2 generation is not present in the agricultural and waste sectors. In fact the 
agricultural sector generates CH4 and N2O while the waste sector mostly generates CH4 
(Bernstein, 2007).  
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The global composition of GHG is shown in Figure 2.6. As shown in Figure 2.5 this 
composition is also dominated by CO2. In fact, more than three-quarters of this composition is 
CO2 generated by various sources. The rest of the gases are CH4 (14.3%), N2O (7.9%) and F-
gases (1.1%) (Bernstein, 2007). 
 
Figure 2.6 Share of different anthropogenic GHGs in total emissions in 2004 (Bernstein, 2007) 
 
2.2.2 The Greenhouse effect 
The greenhouse effect is a complex process by which planet Earth is continuously becoming 
warmer (Schelling, 2002). The sun naturally radiates energy in the form of ultraviolet, visible 
and infrared radiation (US-EPA, 2011). Out of this light only 50% reaches the earth‟s surface. 
About 20% scatters around the atmosphere while 26% of the light gets reflected back into 
space mostly due to clouds. From the radiation that reaches planet earth 4% get emitted back 
into the atmosphere (Van-Ypersele, 2011). The energy emitted back is usually in the form of 
infrared and has a wavelength much longer than that initially reaching the earth.  If this 
theoretical situation were to happen, the average temperature of planet earth would be around 
-18
o
C (Le-Treut and Somerville, 2007, Van-Ypersele, 2011). This situation is shown in 
Figure 2.7.  
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Figure 2.7 Energy cycle without greenhouse effect (Van-Ypersele, 2011) 
 
However the present situation is different from the one described. The current situation is 
shown in Figure 2.8 where the emission of these GHGs is joined by the evaporation of the 
water (due to the sun radiation) in the form of water vapour. These particles and vapour 
situate themselves in a layer or “a blanket” around the Earth (Van-Ypersele, 2011). This layer 
restricts the emission of radiation from the Earth to the atmosphere (outside the “blanket”) 




C (Hansen). This layer of 
vapour and GHG has a minimal cooling impact of 30% on Earth (Le-Treut and Somerville, 
2007, Van-Ypersele, 2011). This cooling is due to the convection currents that are created.  
 
Figure 2.8 Energy Cycle with greenhouse effect (Van-Ypersele, 2011) 
  
The six major greenhouse gases as recognised by various studies and policies such as the EU 
Greenhouse gas reduction decision (EU, 2009a) and The Kyoto Protocol (United-Nations, 
1998) are the following: 
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 Carbon dioxide (CO2) 
 Methane (CH4)  
 Nitrous oxide (N2O)  
 Hydrofluorocarbons (HFCs)  
 Perfluorocarbons (PFCs)   
 Sulphur hexafluoride (SF6) 
 
 
2.2.3 Climate Change Consequences  
Climate change consequences could be various and have many facets. For example research 
indicated that maintaining GHG levels to 450ppm CO2-e would yield a 50% chance of a 
temperature rise of 2
o
C. The economical cost behind this would amount to 0.5% of the global 
GDP between 2013 and 2030 (EU, 2007). These costs are related to losses from decrease in 
agricultural production, droughts, flooding events, heat-waves, biodiversity loss, soil erosion 
and disease spread (World-Resources-Institute).   
Moreover climate change will lead to extensive damage to communities, ecosystems and 
resources (EU, 2007).  These would increase sea and air temperatures, and cause sea level rise 
and reduced glaciers among other effects (Arndt et al., 2009).  Climate change will affect our 
lifestyles and health (EU, 2007).  
 
2.2.4 Carbon dioxide equivalent emissions (CO2–e)   
The different radiative properties and atmospheric lifetimes of GHGs make them have a 
different global warming potential (GWP). In order to perform simpler calculations and 
comparisons a common metric scale based on the radiative forcing of CO2 was established 
(Bernstein, 2007). This is known as the CO2 – equivalent emission (CO2-e). “CO2-
equivalent emission is the amount of CO2 emission that would cause the same time-
integrated radiative forcing, over a given time horizon, as an emitted amount of a 
long-lived GHG or a mixture of GHGs.” (Bernstein, 2007) 
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CO2-e is obtained by multiplying the 
amount of GHG emitted by its 
corresponding GWP for a particular period 
of time (Bernstein, 2007). The GWP is the 
total radiative forcing effect of a gas due to 
its unit mass (compared to a gas of 
reference) in a particular period of time 
(US-EPA, 2011). In other words GWP 
permits all GHG emissions to be expressed 
in terms of CO2 equivalent on a fair scale 
(Brown, 2002). Furthermore in the case that 
there would be more than one GHG, a 
summation of the CO2 equivalents must be 
carried out to determine the overall effect 
(Bernstein, 2007). A list of Global 
Warming Potentials of various GHGs is 
shown in Figure 2.9.   
      
 
2.3 Policies  
It is difficult to make a global impact on a particular area unless there is a number of 
simultaneously contributing participant states. The input of organisations or unions such as 
the UN or EU assist significantly in this work because they issue certain targets which must 
be adhered to by their member states. In this section various international policies that 
concern climate change and waste management are presented. The respective targets that 
concern the Maltese islands are also tabulated in the ensuing text.   
Figure 2.9 Global Warming Potentials (US-EPA, 
2011) 
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2.3.1 EU Climate Change Strategies  
The EU is recognising that climate change is occurring at accelerated rates. According to the 





C by the year 2100 (EU, 2005a, EU, 2007). 
The EU believes there are four main options to tackle climate change, namely (EU, 2005a):  
 All polluters should be responsible for their acts; 
 Implementation of current technologies and incentivization of  new developments to 
combat climate change; 
 The implementation of market-based policies; 
 Implementation of the necessary changes to adjust to the consequences of climate 
change 
Decision number 406/2009/EC (EU, 2009a) of the European Parliament was written to 
combat climate change by diminishing the amount of GHG emitted into the atmosphere. If 
this target is reached, the Union would decrease GHG by 20% when compared to the levels 
emitted in 1990. In fact this decision sets the emissions quotas for all the EU states for the 
period of 2013 to 2020. 
The regulation starts in 2013 where the GHG emissions must be decreased linearly till 2020. 
Each EU state has a final GHG emission target that must be reached by the end of the 
regulation period. By 2020 the Maltese islands are allowed to emit a maximum of 5% more 
GHGs than the amount emitted in 2005 (EU, 2009a). The total GHG emissions for the 
Maltese islands in 2006 were 145 (Eurostat, 2009). Thus the Maltese GHG emissions by 2020 
must be 152 or less. Note that these figures are based on the Kyoto base year (1990=100). 
Moreover each member state must biannually inform the EU of its situation with respect to 
GHG emissions, GHG forecasts and the implemented policies (EU, 2009a). 
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2.3.2 United Nations Convention on Climate Change  
The main objective of the United Nations Convention on Climate Change (UNFCCC) is to 
reduce the anthropogenic GHG emissions to levels which will not affect the climate system. 
Such GHG reductions must be performed in a way so as not to affect any other natural 
processes. Parties should implement GHG reductions for the interest of present and future 
generations. The parties are encouraged to do so by implementing „common but differentiated 
responsibilities‟. The convention also recognises that there may be parties who have specific 
or special needs, and thus encourages others to contribute in excess of standard obligation 
(United-Nations, 1992).  
The convention obliges its parties to be proactive in their legislations. This is intended to 
decrease the climate change impacts. Moreover, the systems approach should be implemented 
in the policy framework adopted. Sustainable development must also be a main theme in the 
implemented policies. The following commitments are highly encouraged by this convention 
(United-Nations, 1992): 
 Keep updated GHG inventories; 
 Construction of national or regional programmes to mitigate climate change; 
 Promotion of practices that reduce greenhouse gases; 
 Cooperation in adaptation measures for climate change; 
 Consider climate change impacts in other project studies; 
 Take part in scientific, technological, technical, socio-economic and any other 
relevant research;  
 Shearing of any relevant data or discoveries regularly.  
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2.3.3 The Kyoto Protocol 
The Kyoto Protocol to the United Nations convention on climate change is another policy 
which is relevant to this dissertation. This policy entered into force on the 16
th
 of February 
2005 and until now the protocol has 192 parties. Similar to the UNFCCC the principal aim of 
this protocol is to control the atmospheric gases in order not to increase climate change effects 
(United-Nations, 2009b). 
The protocol makes a distinction between developed countries (or those in transition to 
market economies) and undeveloped countries. Those countries that are developed or in 
transition to market economies are obliged to promote sustainable development in various 
ways such as energy efficiency, sustainable forest management practices, renewable energy 
and sustainable agriculture amongst other areas. Amongst other issues the Kyoto protocol 
emphasizes on the reduction of methane from waste management. This climate change 
mitigation is achieved by setting GHG emission targets to this group of countries (United-
Nations, 1998). 
Conversely those countries that are not part of the group of developing countries or those that 
are not in transition to market economies must create specific programmes. That is, they set 
voluntary reduction targets. These programs include the mitigation areas mentioned in the 
other part of the protocol. However these countries must regularly report their GHG emissions 
and publish their policies.  Moreover the protocol specifies that these countries must be 
financially assisted by developed ones in order to reach their targets (United-Nations, 1998).  
The Maltese islands joined the EU after signing the Kyoto protocol; so far their status has not 
been changed with respect to emission reduction targets (Europa, 2007). Thus Malta, like 
Cyprus, does not have individual emission targets under the Kyoto Protocol (European-
Comission, 2009a, Micallef et al., 2010). However the Maltese Islands must conform to the 
current EU directives. Decision 280/2004/EC (EU, 2004 ) of the EU deals with the 
monitoring of the GHGs and the implementation of the UNFCCC and the Kyoto protocol.  
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2.3.4 The Copenhagen Accord 
The commitments of the Kyoto protocol and UNFCCC were renewed in the Copenhagen 
Accord held at the end of 2009 (United-Nations, 2009a). Among other issues, the parties 
agreed on the urgent need to combat climate change based on the principle of „common but 
differentiated responsibilities‟. The aim is to reduce the anthropogenic GHG emissions to 
levels that will not increase the global temperature by more than 2
o
C.  Cooperation in 
scientific and technological matters are key to achieving this goal. It was recognised that 
certain countries have special circumstances, and in such cases the first priority should be 
given to social and economic development and poverty reduction. Furthermore, emphasis 
must be made to climate change adaptation matters (United-Nations, 2009a). 
At Copenhagen it was agreed that Annex I countries (those that are developed or in transition 
to market economies) of the Kyoto protocol will continue to reduce the GHG emissions till 
the year 2020 as the next milestone. On the other hand undeveloped countries will continue 
with their voluntary programs. Furthermore the parties agreed to make use of market based 
incentives and to give financial assistance to the countries that are in need. The ultimate goal 
is to mitigate the climate change problems (United-Nations, 2009a).  
 
2.3.5 European Union Waste Legislation 
The European Union has various regulations concerning specific types of waste. These 
regulations are shown in Figure 2.10 (Papoulias, 2005). Moreover the European waste 
strategy has three fundamental principles (Papoulias, 2005) namely waste management 
hierarchy, producer responsibility, and proximity and self sufficiency. The waste management 
hierarchy gives preference to waste management activities in the following order; prevention, 
reuse, recycling, energy recovery, incineration without energy recovery, and finally disposal 
(EU, 2010). The „producer responsibility‟ states that the waste producer must pay according 
to the quantity of waste produced (EU, 1994, EU, 2004a). Ultimately the principle of 
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proximity deals with fact that waste should be processed or disposed of close to the point 
where it has been generated (Torbay-Council, 2005). The following sections highlight more 
details on EU legislations that are mostly related to MSW. 
 
Figure 2.10 EU Waste Management legislation (Papoulias, 2005) 
 
2.3.5.1 The European Waste Directive  
Directive 2008/98/EC, on waste (waste framework directive) highlights that the polluter-pays 
principle is a leading principle at European and international levels and that this principle 
should guarantee a high level of safety to the environment and human health. This can be 
supported by the introduction of the extended producer responsibility, which consists of 
facilitating the use of resources including re-use, disassembly, recycling and financial 
responsibility of such items, without affecting the selling of goods in the market. These 
activities may be accompanied by the provision of information about which products are re-
usable and which are recyclable. This directive states that EU members may take measures 
which encourage the design of environmentally-friendly products (EU, 2008b). 
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The Waste Directive states that where necessary members should facilitate and enhance waste 
recovery. According to this directive waste should be claimed separately if technically, 
environmentally and economically practicable. This Directive also mentions that the affiliated 
countries should take the necessary measures to promote re-use of products and encourage the 
repair of products.   In this rule there is indicated that EU countries should promote high 
quality recycling (EU, 2008b). 
 
2.3.5.2 Regulation on the Shipments of Waste 
Regulation no 1013/2006 (EU, 2006) of the EU is dedicated to the monitoring of the shipment 
of waste within its member states and various others states. This regulation seeks to specify 
procedures on how proper waste shipment should be done. The aim is to reduce unnecessary 
risks and thus increase environmental protection. This regulation seeks to follow the outputs 
of the Basel Convention (UNEP, 1989) and the Decision on the control of transboundary 
movements of waste destined for recovery operations adopted by the OECD (OECD, 2009). 
This regulation is related to all types of waste, except for radioactive waste and few other 
categories. The regulation emphasises on the communications and approval of all the 
involved countries (country of departure, transit country and the final destination) before the 
actual shipment is carried out. Furthermore there must be a contract between the person 
shipping the waste, the shipping company and the person receiving the waste; according to 
this regulation such contract must include financial guarantees (EU, 2006).  
 
2.3.5.3 Integrated pollution prevention and control (IPPC Directive) 
The IPPC Directive (EU, 2008a) is intended to reduce pollutants emitted into the atmosphere, 
water and soil and reduce the waste generated from industrial and agricultural installations. 
Activities with high pollution generation potential that fall in these categories must be carried 
out with the necessary permits. Moreover these permits are only awarded if certain 
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obligations are met. The obligations include the pollution-prevention measures, the 
appropriate recycling and disposal of the waste generated, and efficient use of energy amongst 
other activities. Furthermore the permit may include pollution caps, obligations to protect the 
soil, water and atmosphere, and waste management measures. Ultimately the IPPC directive 
is intended to encourage institutions/companies to do their work without harming the 
environment (EU, 2008a). 
 
2.3.5.4 The Landfill Directive 
Landfills have the potential to harm the environment around them. The adverse effects of 
landfilling can affect human health and the global environment. The EU tries to reduce all 
these adverse affects brought about by landfilling in its directive on landfilling (EU, 1999). 
The directive starts by first identifying the different types of landfills which host hazardous 
waste, non-hazardous waste and inert waste. MSW falls within the category of non-hazardous 
waste.  The directive also specifies the waste acceptance procedure in a landfill. According to 
the landfill directive, certain wastes are not acceptable in a landfill. Some of the most 
prominent waste that falls under this category are liquid, flammable, explosive or oxidative, 
hospital waste and tyres (EU, 1999). Furthermore the landfill directive outlays targets to 
reduce the amount of biodegradable waste sent to landfilling to the following percentages 
(Williams, 2005, EU, 2005c): 
 75% of 1995 levels by 2006 
 50% of 1995 levels by 2009 
 35% of 1995 levels by 2016 
Those countries such as Malta (Eurostat, 2010) that in 1995 landfilled more than 80% of their 
MSW can extend the deadlines by four years (Williams, 2005, EU, 2005c). 
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In 2010 the Maltese islands missed the Landfill Directive target by 42,649 tons of waste. This 
failure is mainly due to delays in the development of the Sant‟ Antnin Waste Treatment Plant 
(Camilleri, 2011, Times-of-Malta, 2011a). 
 
2.3.5.5 Waste Incineration Directive 
The EU Directive on incineration of waste (EU, 2000b) has the objective to reduce the 
environmental and human health impacts brought by waste incineration. This directive was 
driven by the fact that incineration has the potential to create pollution. In fact this directive 
puts forward certain technical specifications on incinerating machinery. Research incinerating 
plants and those which process less than 50 tonnes are excluded from this directive. Certain 
incinerated waste is also exempted from this directive. Examples of these wastes are 
vegetable waste, some types of wood wastes, and cork waste amongst others. This directive 
also specifies the operating conditions of the process and the amounts of emissions 
permissible (EU, 2000b).  
 
2.3.5.6 The European Union Packaging and Packaging Waste Directives 
The main objective of EU directive 94/62/EC (EU, 1994) is to prohibit or reduce the negative 
environmental impact of Packaging and Packaging Waste by all member states. This directive 
supports the functioning of the international markets and the waste management hierarchy 
(EU, 1994). The Packaging and Packaging Waste directive encourages the use of recycled 
packaging material in the manufacturing of packaging and other products without 
discrimination amongst other materials, but highlights that this should not decrease the levels 
of hygiene, health and consumer safety in any way (EU, 1994).  
The recovery and recycling targets published in Directive 94/62/EC (EU, 1994) were 
amended by Directives 2004/12/EC (EU, 2004b) 2005/20/EC (EU, 2005b). The recent two 
directives stated that some members may postpone accomplishment of the targets of Directive 
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94/62/EC (EU, 1994) to another date. For the case of The Maltese Islands the deadline is 31 
December 2013 (EU, 2004b, EU, 2005b). These targets are shown comprehensively in  Table 

















01 May 2004 20% 18% 15% 15% 5% 15% n.a. 
31 Dec 2004 27% 21% 15% 15% 5% 15% n.a. 
31 Dec 2005 28% 25% 15% 15% 5% 15% n.a. 
31 Dec 2006 34% 29% 20% 22% 7% 20% 3% 
31 Dec 2007 41% 35% 25% 27% 10% 25% 5% 
31 Dec 2008 47% 41% 30% 31% 13% 30% 7% 
31 Dec 2009 50% 45% 35% 34% 15% 35% 9% 
31 Dec 2010 53% 48% 43% 38% 17.5% 42% 11% 
31 Dec 2011 56% 51% 50% 41% 19.5% 50% 13% 
31 Dec 2012 58% 53% 55% 46% 21.5% 55% 14% 
31 Dec 2013 60% 55% 60% 50% 22.5% 60% 15% 
 Table 2.1: Summary of the Packaging and Packaging Waste Directive. Overall recovery includes recovery 
and incineration with energy generation (MRRA, 2009b). 
  
The latest data reported to the European Commission on packaging and packaging waste is 
for the year 2007. A summary of the reported data is presented in Table 2.2 (Camilleri, 2011). 
Target Sector EU Target (%) Malta’s situation (%) 
Overall Recovery 41 10.4 
Overall Recycling 35 10.4 
Glass Recycling 25 16.6 
Metals Recycling 27 5.6 
Plastics Recycling 10 10.6 
Paper and Board Recycling 25 8.1 
Table 2.2 Malta's performance in the packaging and packaging waste in 2007 (Camilleri, 2011) 
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2.4 Waste 
What constitutes waste can be highly subjective because an article which can be regarded as 
waste for someone, might be useful for someone else. However a definition for waste must be 
set due to policy issues and to avoid misunderstandings (Williams, 2005). The first definition 
of waste set by the EU was in the Waste Framework Directive (EU, 1975); the same 
definition was repeated in its amending directive (EU, 1991). According to these two 
directives waste is „any substance or object which the holder discards or intends to 
discard‟. In this case the holder can be either the person in possession of the waste or the 
producer (EU, 1975, EU, 1991). Furthermore the Basel Convention gives a similar definition 
to the one given by the EU. The definition of waste according to the Basel convention is that 
wastes “are substances or objects which are disposed of or are intended to be 
disposed of or are required to be disposed of by the provisions of national law” 
(UNEP, 1989). It is estimated that close to 3000 million tonnes of waste are generated 
annually in Europe. The waste generated can be classified in various categories such as 
manufacturing, construction and demolition, mining and quarrying, MSW and others 
(Williams, 2005, EU, 2010). The proportions of the waste generated in Europe are shown in 
Figure 2.11. Most of the waste generated has high repercussions on the environment in the 
form of creating GHGs leading to climate change and material losses. (EU, 2010). Due to the 
strategy of the stabilisation wedges (Pacala and Socolow, 2004, Bahor et al., 2009) this 
dissertation will focus mostly on MSW. 
 
Figure 2.11 The proportions of the waste generated in Europe (IEEP, 2010) 
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2.4.1 Municipal Solid Waste (MSW)  
Municipal solid waste is highly related to humans. Each EU citizen roughly produces 500kg 
of MSW annually (EU, 2010). As the name indicates MSW is the “waste collected by, or 
on behalf of, municipalities. These generally originate from households, commerce 
and trade, small business, office buildings and institutions such as schools, hospitals, 
government buildings, etc.”  (Williams, 2005). MSW include other waste that is similar to 
that originated by households however it does not include municipal sludges and effluent 
(EPA-Wexford, 2008). Moreover the MSW definition excludes waste from construction and 
demolition activities (OECD, 2010). 
The MSW generation rate is dependent on various factors within the country. These include 
urbanisation rate, consumption patterns, adopted lifestyles and income (OECD, 2010). 
Population increase would increase the amount of MSW generated, this increase is also 
reinforced by the increase in the number of households (Williams, 2005). In a more in depth 
analysis it was found that young families with children produce more waste than older 
families (Williams, 2005).  
MSW and financial issues are related together. In an analysis within the countries forming 
part of the Organisation for Economic Co-operation and Development (OECD) it was noticed 
that there exists a strong relationship between waste generation rate and the Gross Domestic 
Product (GDP). In fact an increase in GDP through economic development leads to an 
increase in waste generation rates (Williams, 2005). However the decoupling of the waste 
generated with GDP is essential to ensure sustainable use of the world‟s natural resources 
(UNEP, 2010).   
Waste management can only affect climate change through GHG emissions (Brown, 2002). 
However waste management has other impacts that affect the environment and human health 
(UNEP, 2010).   MSW generation quantities can be used as an indicator of environmental and 
health pressures (OECD, 2010). The biggest concern of MSW is in its management. 
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Unsuitable or unsustainable treatment activities have the potential to create human and 
environmental hazard. Environmental areas created by waste management activities include 
soil, water, air quality and landscape (OECD, 2010).  
 
2.4.2 MSW Composition 
MSW is a highly heterogeneous waste which varies according to the season as shown in 
Figure 2.12 for a study conducted in Crete (Denafas et al., 2007). Its composition also differs 
according to the region and sometimes it would be difficult to compare since different regions 
may use different measurement methods. The waste composition is also affected by the focus 
on the upper end of the waste management hierarchy, i.e. waste prevention and re use 
(Williams, 2005). Typical composition of MSW in Western Europe is shown in Figure 2.13 
(JRC, 2007). However the factors that affect the composition of MSW as indicated by 
(Williams, 2005) are the following:    
 Socio-economic factors   
 Types of industry 
 Geographic location 
 Climate  
 Public attitudes 
 Level of consumption 
 Population density 
 Legislative controls 
 
Figure 2.12 Seasonal variations in MSW composition (%) in the Mediterranean island of Crete (Denafas et 
al., 2007)
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Figure 2.13 Maltese MSW composition (%). In this figure the recyclables (paper, glass, metals and plastics) 
amount 39.1% while the biodegradables (paper and organics) amount to 69.3% (JRC, 2007) 
 
The MSW treatments following collection would require some information about the waste 
composition. This is mostly significant for incinerating processes. In fact the calorific value of 
the waste, elemental analysis and proximate analysis are highly useful for the incinerating 
process. This information affects the parameters and is valuable to avoid extra pollution. The 
pollution emitted from incineration treatment is also affected by the sulphur and chlorine 
content of the MSW (Williams, 2005).   
 
2.4.3 Major MSW Treatment Activities 
When looking at all the global activities contributing to GHG, waste management does not 
feature prominently. In fact waste management is only responsible for 3-5% of the global 
anthropogenic GHG emissions (ISWA, 2009). However waste management has a unique 
characteristic: that it can become a global GHG mitigation strategy. The can be achieved by 
the practice of recycling that requires the use of less virgin material (UNEP, 2010, 
Christensen et al., 2009). In the EU region, MSW management activities can contribute to 
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principally done through waste prevention and re-use. However the waste treatment activities 
adopted have a high impact on the GHG emitted or saved (European-Comission, 2009b). 
These treatment decisions are explained pictorially in  (UNEP, 2010) with respect to GHG by 
means of Figure 2.14. Furthermore sensible decisions must be taken by considering the waste 
management hierarchy of Figure 2.15 (EU, 2010).  
 
Figure 2.14 Simplified schematic of MSW management system and GHG emissions (UNEP, 2010) 
 
Apart from its environmental drawbacks the waste generation rate represents a loss of 
materials and energy. There is also an added cost for the collection, treatment and disposal of 
the waste (Williams, 2005).  These costs are more significant when dealing with MSW in 
comparison to other waste types. In fact the management and treatment of MSW amounts to 
more than one third of the public sector budget to mitigate and control pollution (OECD, 
2010). This cost is more significant when considering that MSW amounts to around 8% of the 
total waste generated in Europe (European-Enviornmantal-Agency, 2010).  These issues 
together with others have led the EU to direct its strategies in a way to reduce the impact of 
waste management treatment activities. The starting point of this policy is the waste 
management hierarchy, shown in Figure 2.15 (EU, 2010).     
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Figure 2.15 EU's Waste Management Hierarchy (EU, 2010) 
 
The waste management hierarchy focuses on the prevention and re-use of waste whenever 
possible. When this is impossible the next treatment category preferred is recycling, which 
also includes composting. Following this there are other recovery mechanisms which mainly 
consist of heat treatment activities such as incineration (with or without energy recovery). 
Incineration with energy recovery is preferred than that without energy recovery. The least 
preferred resort for MSW should be landfilling. These MSW treatment options are sorted out 
in a methodology shown in Figure 2.16 (Brown, 2002).   
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Quoting from (EU, 2010):  “Good waste management begins with preventing waste 
being produced in the first place – after all, what is not produced does not have to be 
disposed of.”  Waste prevention and re-use is the best way to reduce GHG emissions from 
this sector (European-Comission, 2009b). Unfortunately waste prevention is often over 
looked and given minimal resources (UNEP, 2010). The prevention of waste has 
environmental as well as economical benefits (Williams, 2005). Prevention reduces the stress 
on natural resources (EU, 2010). However the reduced result is difficult to measure. In other 
words it is difficult to measure the waste that has not been created (IEEP, 2010). 
Implementing waste prevention measures requires including the proactive approaches in our 
plans (IEEP, 2010).  
A way to achieve waste prevention is the recent phenomenon of eco-design. Eco-design 
includes the consideration of environmental issues at the design stage i.e. it makes use of less 
materials, less toxic materials, more environmentally friendly processes, and considers the 
period when the product is not useful anymore (IEEP, 2010). This must be done by improving 
the consumer consumption patterns (EU, 2010), however this must be backed by the relevant 
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policies (IEEP, 2010). In fact waste reduction was achieved successfully in Taiwan (Lu et al., 
2006), a country with high population density like Malta. The Taiwanese managed to reduce 
the per capita MSW by approximately 30% in 6 years. This was achieved by a focus on 
recycling and a series of policy decisions, especially by implementing the producer 
responsibility act (Lu et al., 2006). Furthermore such waste minimization policies have been 
highly popular in order to reduce the environmental impacts of waste (IPCC, 2006).  
Re-use of waste  
Re-use is the avoidance of waste by using the product for the same purpose more than once 
(Williams, 2005) or for an additional  purposes (EU, 2010). Re-use involves the reutilisation 
of products without reprocessing (IEEP, 2010). According to directive 2008/98/EC (EU, 
2008b) the only processing permitted on the product in order to be classified as reused 
involves “checking, cleaning, and repairing recovery operations.” Nowadays there also 
exist the product re-use markets also known as second hand markets.  Re-use of a product can 
be associated with waste prevention since both activities reduce the creation of waste. 
However the biggest problem in addressing waste re-use policies is that it is extremely 
difficult to get statistical data related to it (IEEP, 2010). The design of the product can 
significantly contribute to the increase of product re-use (Cheremisinoff, 2003).  
Waste Recycling 
“Recycling is the collection, separation, clean-up and processing of waste materials 
to produce a marketable material or product” (Williams, 2005). Recycling seeks to 
reduce the stresses on the world‟s natural resources by utilising the same material several 
times (EU, 2010, ISWA, 2009). Each material has the potential to be recycled multiple times 
though  this depends on the material and the recycling process implemented (Azapagic et al., 
2003).  The more homogenous the waste composition is, the higher is the recycling potential 
and the resulting quality of the recycled material (Williams, 2005).  Moreover working with 
recycled material consumes less energy when compared to using virgin material (EU, 2010, 
European-Comission, 2009b). Public contribution, by MSW separation is highly beneficial 
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(Williams, 2005). One way of encouraging this is by launching long-term educational 
campaigns (Azapagic et al., 2003).  
The waste recycling industry is in continuous competition with the virgin material industry. 
Moreover recycling is highly susceptible to market prices (Williams, 2005). Thus at the end 
of the day one has to continuously seek a favourable route between the benefits and 
drawbacks of recycling (EU, 2010). However there is an international consensus that waste 
recycling benefits offset the advantages of any other treatment process when prevention and 
re-use are impossible to practice (UNEP, 2010).  The EU‟s Extended Producer Responsibility 
is a tool intended to increase recycling within its member states. This works by making the 
producers financially responsible for their products once they become waste. This serves as an 
incentive to design products that are more environmentally friendly (EU, 2010).   
Composting  
Composting is the “biological degradation of biodegradable organic waste” (Williams, 
2005). In other words composting is an aerobic process that is the “decomposition of 
organic matter by bacteria in the presence of oxygen” (European-Comission, 2009b) . 
Composting is commonly performed on food, garden waste, paper and board, wood and 
textiles.  It takes between 4 to 6 weeks for the waste being composted to stabilize. Ultimately 
the final product is added to the soil to improve its composition (Williams, 2005) and serves 
as a source of plant nutrients (European-Comission, 2009b, ISWA, 2009).  Such composted 
material reduces soil erosion and reduces the need for irrigation (UNEP, 2010). Apart from 
soil addition purposes, the composted material can also be used as refuse-derived fuel (RDF) 
for industrial furnaces (UNEP, 2010).     
The composting process is ideal to be considered as a treatment process for MSW. This is 
mainly because European MSW contains between 66% to 90% of waste that can be 
composted (Williams, 2005). Moreover the process of composting helps in achieving 
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conformance with the EU landfill directive (EU, 1999) that has the intention to reduce the 
amount of biodegradable waste entering the landfills.  
Mechanical Biological treatment (MBT) 
“MBT combines mechanical waste treatment such as sorting, shredding and crushing, 
with biological treatment in the form of aerobic composting or anaerobic digestion.”  
(European-Comission, 2009b) The mechanical treatment is intended to separate waste for 
recycling while the aerobic treatment is the composting process mentioned in the previous 
part.  
Conversely the anaerobic process includes the biogas recovery from waste - such gas (mostly 
methane and carbon dioxide) is ultimately used for energy or heat generation (UNEP, 2010). 
The anaerobic digestion is the “decomposition by bacteria in the absence of oxygen” 
(European-Comission, 2009b). This anaerobic process is completed within weeks and the 
residual material can be added to the soils (Williams, 2005).  Anaerobic digestion has the 
advantage of eliminating large amounts of methane before being released into the atmosphere 
since it would have been extracted already (European-Comission, 2009b).  
MBT can have various configurations. Figure 2.17, due to (Defra, 2005), shows two of these 
configurations. Currently Option A is implemented in Malta. Electricity and some heat are 
being generated from the biogas while the recyclable materials are being exported. The soil 
conditioner generated is being used as a cover for the Maltese landfills (Wasteserv, 2011).  
Typical outputs figures of such treatment are 12% biogas, 13% soil conditioners, 33% 
recyclables and 9% water while the remaining components are inert (Julian, 2011). 
Furthermore the biggest drawback of MBT is that till now it is still getting into the market 
thus there is not much information about it (Bahor et al., 2009, IFEU, 2009).  
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Figure 2.17 Examples of MBT Technologies (Defra, 2005) 
 
Incineration 
Incineration uses heat treatment mechanisms to oxidise combustible material to produce 
electricity, heat, water vapour, carbon dioxide and nitrogen (EU, 2010, Williams, 2005). It is 
estimated that in 2009 incinerating processes generated 40 Mt CO2-e of emissions (UNEP, 
2010). Incinerating processes are good waste reduction mechanisms (Azapagic et al., 2003). 
In fact incinerators have the capability to reduce waste to 10% of its initial volume or 33% of 
its initial weight (Williams, 2005). Unlike landfilling, incineration does not produce any 
methane since its principal output constituent is ash. The ash can either be used in concrete or 
landfilled (Williams, 2005). However incinerators have the potential to release hazardous 
chemicals (EU, 2010). To reduce the emissions of pollutants it is ideal to adapt the 
incineration parameters according to the properties of the waste being incinerated (EU, 2010). 
Furthermore it is ideal to follow the EU directive on waste incineration. Apart from the 
technical specifications on incinerators, this directive highly emphasises regular monitoring of 
the incinerating process (EU, 2000b, European-Comission, 2009b). Ultimately according to 
(Barrales-Rienda, 2002), under the suitable parameters waste incineration does not pose any 
hazard to human and environmental health.  
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Landfilling 
Landfilling is the oldest form of waste management activity (EU, 2010). Its popularity is 
mainly attributed to the fact that it is cheap, relatively easy to practice and accepts a wide 
variety of materials (Williams, 2005).  This method of disposal is the least preferred because 
it affects human health adversely and has an environmental impact (EU, 2010). In 2009 
landfilling contributed to around 700Mt CO2-e (UNEP, 2010). When landfilled the 
breakdown of biodegradable waste causes chemicals that release and contaminate the water 
tables and the soil (EU, 2010). This waste breakdown is performed by microbial communities 
that contain methane-producing bacteria (UNEP, 2010). This released methane contributes to 
climate change (Williams, 2005). Even if some of this methane is recovered, landfilling 
remains unfavourable when compared to other waste treatment activities (European-
Comission, 2009b).  Based on these facts the EU is making its utmost to close all the landfills 
which are not administered according to the required standards (EU, 2010). On the same 
lines, the EU is continuously implementing its landfill directive (EU, 1999).     
Landfilling is very easy and cheap to practice in the short term. However when considered in 
the long term, landfills are highly unfavourable. Apart from the adverse environmental 
impacts, landfills take up useful land resources which are more significant for small countries 
like the Maltese islands. Furthermore landfills take valuable material that can be reduced but 
instead humans are taking virgin material to replace that. In fact the EU estimates that the 
materials sent to landfills could amount to around 5.35 Billion Euro annually (EU, 2010).    
A summary of the previously mentioned waste treatment activities with respect to the 
generation and avoidance of GHG is presented in Table 2.3. 
Treatment Activity GHG Emission Sources GHG Reduction Sources 
Recycling 
-  CO2 from fossil fuel 
usage for transport and 
recycling activities and 
electricity consumption 
-  Reduced raw material 
production 
-  Harvesting less wood 
increases the capability of 
CO2 uptake due to natural 
sources 
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-  CO2 from fossil fuel 
requirements and 
electricity consumption 
-  CH4 and N20 emissions 
from processes 
-  Heat and/or electricity 
produced from combustion 
of biogas substitutes fossil 
fuels 
-  Avoided CO2 emissions 





-  CO2 from fossil fuel 
requirements and 
electricity consumption 
-  CH4 and N20 emissions 
from biological treatment 
of organic waste 
-  CO2 from combustion of 
fossil waste components 
-  CH4 releases from 
landfilling of organic waste 
residuals 
-  Heat and/or electricity 
produced from combustion 
of biogas substitutes fossil 
fuels 
-  Recovery of Materials 
substitutes raw materials 
thus reduced raw material 
production 
-  Avoided CO2 emissions 
from producing virgin 
growth media 
-  CH4 and CO2 emissions 
from organic materials if 
they were landfilled 
 
Incineration 
-  CO2 from fossil fuel 
requirements and 
electricity consumption 
-  CO2 from waste 
combustion 
 
-  Heat and/or electricity 
produced from combustion 
of waste substitutes fossil 
energy leading to the 
avoidance of CO2 
-  Recovery of metals from 
ash lead to the avoidance 
of GHG emissions from 
material production 
-  Use of bottom ash to 
substitute aggregate leads 
to the avoidance of GHG 
emissions from the 




-  CH4 from anaerobic 
decomposition of organic 
waste 
-  CO2 from fossil fuel 
combustion and electricity 
consumption 
-  N20 from leachate 
treatment 
 
-  Energy produced from 
combustion of captured 
CH4 substitutes fossil 
energy 
-  Long-term carbon stored 
in landfill leads to avoided 
CH4 and biogenic CO2 
Table 2.3 Waste treatment activities and their impact on GHG (UNEP, 2010, ISWA, 2009) 
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The previously mentioned waste management options for MSW within the EU are continually 
changing with time. The graph of Figure 2.18 (Eurostat, 2011b) brings all these changes 
together. Apart from other issues Figure 2.18 indicates that landfilling is decreasing within the 
EU. On the other hand Figure 2.18 shows an increase in incineration, recycling and 
composting. This shows that the EU is moving towards its targets.  
From a study on the future dependence of landfilling due to MSW, (Falzon, 2011) found out 
that although that the MSW generation is increasing, the preferred waste disposal activities 
i.e. recycling, composting and incineration are increasing at a faster rate. Thus landfilling 
dependence will decrease. The projections performed reached up to the year 2025 (Falzon, 
2011). In a further study conducted by (Skovgaard et al., 2008) it was calculated that MSW 
landfilling will decrease by approximately 60% in 2020.   
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2.5 The Maltese Scenario  
2.5.1 National Circumstances 
The Maltese Islands are located in the middle of the Mediterranean Sea. They are composed 
of six islands namely, Malta, Gozo, Comino, Filfla, Cominotto, and Saint Paul‟s islands, with 
only the first three being inhabited (Micallef et al., 2010). The islands are situated nearly 
1,840 km east of the Straits of Gibraltar, approximately 1,520 km northwest of the Suez 
Canal, 290 km north of the African Continent and 93 km south of  Sicily. The islands form 
part of the western segment of the European Continent (Sammut et al., 2004). The total area 
of the archipelago is approximately 316 km
2
 (NSO, 2010b) while the coastline perimeter is 
around 140 km. Malta is the largest island with an area of 246 km
2
 and a coastal perimeter of 
around 100 km. Gozo, the second largest island is 67 km
2
 while Comino is 3 km
2
 (Micallef et 
al., 2010).  
The topography of the islands is one of low hills in the northern areas. On the other hand the 
southern areas are dominated by terraced slopes and plains. Furthermore a north-south cross 
sectional view of Malta and Gozo resembles a wedge, with the higher end lying towards the 
south (Micallef et al., 2010). 
The current (2011) islands‟ population exceeds 417,000 inhabitants (Eurostat, 2011c). Around 
8% of the population lives in Gozo and Comino (NSO, 2010a).  In general the islands are the 
third most densely populated states (Ginige, 2008) in the world with a density of over 1,300 
persons per square kilometre (NSO, 2010b). The density of the population is affected by the 
1.2 million (in 2009) tourists who visit the islands yearly (NSO, 2010b). When coupling the 
islands‟ small area and their high population density, the results show large environmental 
stresses in terms of waste management, resource management and pollution. (Malta-
Governament, 2007). The climatic conditions, geographical location and lack of economies of 
scale make the Maltese waste management position more difficult (Cordina, 2011). 
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The archipelago experiences a typical Mediterranean climate which consists of moist winters 
and hot, dry summers. The yearly average rain fall is 530 mm the majority of which occurs 





The average sea temperature is 20
o
C. Moreover north-westerly and north-easterly winds are 
very frequent in the islands. The archipelago also experiences high humidity. The humidity 
varies from around 65% in Summer to approximately 80% in Winter (Micallef et al., 2010).  
The Maltese islands, one of the smallest states in the world (Micallef et al., 2010) joined the 
EU on the 1
st
 of May 2004 (EU, 2011a) and adopted the Euro currency on the 1
st
 of January 
2008 (EurActiv, 2007). In this membership Malta needs to follow the EU directives whilst it 
can benefit from funding offered by the EU. The Maltese islands have a human development 
index classification of 33 (UNDP, 2010) and out of all the nations in the world are categorised 
within the most „advanced economies‟ in the world (IMF, 2010). The services industry is the 
highest GDP contributor (Micallef et al., 2010) while the major abundant natural resource is 
limestone which is used for construction (MEPA, 2009).  
 
2.5.2 Malta’s GHG emissions 
There are various sectors contributing to GHG emissions in the Maltese scenario. These are 
shown in Figure 2.19 (MRA, 2011). The largest contributor is the energy (including transport) 
sector with 87.9% followed by the waste sector with 7.6% of the gross emissions (MRRA, 
2009a). Industrial processes, agriculture and solvents follow with an overall amount of 5% 
(MEPA, 2009). Malta‟s trends shown in Figure 2.19 do not match the EU GHG trends. The 
EU is decreasing the annual GHGs emitted at a slower rate than Malta. The EU‟s agriculture 
and industrial processes are ahead of the waste sector in the classification of the GHG 
emitted. Furthermore the energy and transport sectors contribute 79% of the GHGs emitted in 
the EU, which is less than the equivalents for Malta. A more significant difference is in the 
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GHGs emitted by the EU waste sector which amounts to 2.8% compared to the 6.6% of the 
Maltese Islands (Eurostat, 2011a).    
 
Figure 2.19 Trend in the Maltese GHG emissions by sector in 2007 (MRA, 2011) 
 
Following the division of the GHG emissions by sector as shown in Figure 2.19 the inventory 
can be further divided by the type of GHG emitted. Such an inventory is shown in Table 2.4 
for the period 1990 to 2009. The most predominant gas emitted in the Maltese Islands is CO2 
followed by CH4. CO2 emissions amounted to 88% of the total GHG emitted while  CH4 
contributed to 9.3% of the total GHG emissions in 2009 (MRA, 2011).This amount of CH4 is 
heavily affected by the change in waste management practices which has a large influence on 
the amount of methane emitted into the atmosphere. Methane is also affected by agriculture 
and animal husbandry (Micallef et al., 2010). Furthermore one must note that the Maltese 
emissions peaked in the year 2007 and declined from that year onwards (MRA, 2011).  
Furthermore land use, land-use change and forestry (LULUCF) recovers some of these 
emissions.  According to (UNFCCC, 2009). LULUCF is defined as “A greenhouse gas 
inventory sector that covers emissions and removals of greenhouse gases resulting 
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from direct human-induced land use, land-use change and forestry activities.” In 2009 
the LULUCF inventory was 2% less than the conventional inventory in the Maltese islands.    
 
Table 2.4 Maltese GHG emissions in CO2-e from 1990 to 2009 in Gg (MRA, 2011) 
 
2.5.2.1 Malta’s Waste Sector Emissions 
The previous section dealt with different GHG emission sectors within the Maltese islands. 
However within each sector there are various sources leading to the emissions of GHG. In this 
section the analysis will be focused on the waste management field since it is the main scope 
of this dissertation.  Figure 2.20 presents data from MRA showing the CO2-e from the 
Maltese waste sector. The figure clearly shows the predominance of solid waste. In fact in 
2009 the solid waste (disposal) category contributes to 87.3% of the GHG emissions of the 
waste sector. The emissions from liquid waste and incineration amounted to 12.4% and 0.3% 
respectively in 2009 (MRA, 2011).   
When considering the gases emitted from the Maltese waste management scenario, there is a 
complete dominance of CH4. In fact the methane emissions are 94.3%. The other cases are at 
Nitrous Oxide at 5.5% and CO2 at 0.2% (MRA, 2011).  
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Figure 2.20 Emissions in CO2-e from the Maltese waste sector (MRA, 2011) 
 
The solid waste category mentioned in Figure 2.20 is explained in further detail in Figure 
2.21. Malta has a strong landfilling history. In a nutshell, Malta practiced unmanaged 
landfilling mostly at Maghtab, Wied Fulija and Qortin (Gozo) between 1990 and 1996. Wied 
Fulija stopped taking waste in 1997, thus between 1997 and 2004 Maghtab and Qortin were 
the only landfills used (both of which unmanaged). In 2004 the Maltese started practising 
managed landfilling. Ta‟ Zwejra landfill was used between 2004 and 2006 while the Ghallis 
landfill was commissioned in 2007 (MEPA, 2009). Both Ta‟ Zwejra and Ghallis landfills are 
adjacent to the previously used Maghtab landfill. This transition is reflected in the GHG 
emitted, shown in Figure 2.21. The figure also highlights the year 2004 as the year exhibiting 
most changes. From Figure 2.21 one can notice the significant decrease in industrial waste. 
This is mainly attributed to the implementation of the waste management hierarchy. However 
this success of the waste management hierarchy was not mirrored by the domestic sector 
because it kept on increasing (MRA, 2011).     
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Figure 2.21 GHG emission sources of solid waste category within the Figure 2.20 (MRA, 2011) 
 
2.5.3 Malta’s Waste Management 
Section 2.5.2 has shown that the Malta‟s waste management sector is the second largest GHG 
contributor (MEPA, 2009). The waste sector is mainly made up of construction & demolition 
waste (C&D) and MSW; the relative percentages in 2008 were 74% (1,099,000 tonnes) and 
11% (168,000 tonnes) respectively. There was another 15% classified waste that does not fall 
within these categories  (Eurostat, 2011a).  
C&D waste is “Material produced as waste from construction sites, or from the 
demolition of buildings or structures, or a combination thereof.” (Wrap, 2010) 
Although Malta‟s quantities of C&D are much larger than those of MSW, C&D is less 
challenging to dispose of because it is inert. In recent years the C&D generation was 
constantly on the increase. Since 2004, around 98% of Malta‟s inert waste started to be 
disposed of in approved disused quarries (MRRA, 2009b). It is assumed that the generation 
and disposal of this waste amounts to 2 million tonnes annually (Cordina, 2011, Wasteserv, 
2011). The main intention behind the use of these quarries is to reduce the stress on other 
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waste management facilities. Fiscal incentives are also being used to minimise the quantities 
of C&D generated (MRRA, 2009b).   
Pursuing the focus on the more complex waste type i.e. MSW, Table 2.5 shows the Maltese 
and EU-27 waste generation and landfilling per capita. The recent Maltese generation rates 
are much higher than those of the EU-27. The most striking value is the change in generation 
rate per capita between 1998 and 2008. The Maltese percentage of +48.1 classifies the islands 
as first in Europe (Eurostat, 2011a, Eurostat, 2010). Moreover according to (MRRA, 2009a) 
the rate of MSW generation increase is 2.4% per annum. In fact, in 2008 Malta landfilled 
265,708 tonnes of MSW. However a change in trend may seem to be occurring because in 
2009, 255,025 tonnes of MSW were landfilled. In 2009 the amount of MSW landfilled was 
around 4% less than that landfilled in the previous year (NSO, 2010c). 
Conversely no incineration of MSW is practiced in Malta (Eurostat, 2010). Thus the rest of 
the waste that is not landfilled (i.e. around 48kg per capita in 2008) is recovered and then 
recycled.  
 




EU-27 496 523 515 517 523 525 524 5.6 
EU-27 
landfilled 
285 288 255 221 213 214 207 -27.3 
Malta 470 547 581 624 624 652 696 48.1 
Malta 
Landfilled 
388 465 520 529 562 606 648 67% 
Table 2.5 MSW generated and landfilled in kg per capita (Eurostat, 2011a, Eurostat, 2010, Eurostat, 2009) 
 
Considering that tourism is a major pillar in the Maltese economy, harder environmental 
challenges are present. In a study on hotel waste quoted by (MRRA, 2009b) it was learnt that 
a tourist generates twice as much waste as that generated by a Maltese national. The higher 
the hotel rating the larger the waste quantity produced. The waste produced by hotels consists 
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of packaging much more than organic waste. The overall effect of tourism on MSW would 
yield an annual increase of more than 10%  (MRRA, 2009b). 
 
2.5.3.1 Malta’s MSW Collection Systems  
In the Maltese islands there exist three principal systems of MSW collection. These are the 
Daily Collection (black bag), the Recycle Tuesdays scheme, and bring-in sites.  The 
traditional daily collection system within the Maltese islands consists of kerbside collection of 
mixed household waste in a black bag. This is a service offered 6 days a week in most 
localities (Wasteserv, 2011).  
The “Recycle Tuesdays” scheme consists of a weekly kerbside collection of dry recyclables 
(metal, paper and plastic) in a gray bag. The waste recovered by the “Recycle Tuesdays” 
scheme is taken for recycling preparation at the Sant‟ Antnin Plant (Wasteserv, 2009, Yousif, 
2009). In 2008 and 2009 this scheme contributed to the recovery of 4,251 and 6,764 tonnes of 
waste respectively (Wasteserv, 2009, NSO, 2010c).   
The provision of bring-in sites is an initiative by Wasteserv in collaboration with the local 
councils and Green Mt (a private company). This initiative consists of placing large bins in 
prime locations which the public can use to dispose plastic, paper, glass and metal waste. The 
material recovered from this scheme is then processed for recycling. Currently there are 1,031 
bins in 227 locations around Malta and Gozo (Wasteserv, 2010b). The intention is to increase 
the number of „bring-in sites‟ to 400 (MRRA, 2009a). Statistics on the waste collected from 
the bring-in sites are presented in Table 2.6. 
 
Table 2.6 Waste collected (in tonnes) from the bring-in sites (NSO, 2010c) 
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This recovered waste is sorted and pre-treated in the Sant‟ Antnin waste treatment plant, and 
then shipped abroad for recycling (ADI-Associates, 2009). It is estimated that around 60 
containers (40 foot) loads of material are exported for recycling every monthly from this plant 
(Times-of-Malta, 2011b). Most of the times, the country of destination is China (Yousif, 
2009). Thus the waste treated at Sant‟ Antnin plant can be considered as waste not landfilled. 
Such waste (which in some cases deviates from the standard definition of MSW) is distributed 
as presented in Table 2.7 (NSO, 2010c).  
 
Table 2.7 Recovered waste (in tonnes) treated at Sant' Antnin Plant (NSO, 2010c) 
 
2.5.3.2 Malta’s MSW Treatment Facilities 
In such a small group of islands it is tremendously difficult to select waste management sites 
to cater for the waste generated. Apart from the space constraint, the islands tend to suffer 
from the „not in my back yard‟ (NIMBY) syndrome, where everyone wants the waste 
management sites away from his home (Wasteserv, 2011). Currently the Maltese islands have 
three principal sites dealing with MSW namely the Ghallis landfill, the Sant‟ Antnin Waste 
Treatment Plant and the Gozo transfer station.  
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The Ghallis non-hazardous landfill has been in operation since 2007. The landfill is situated 
in the limits of Maghtab. The Ghallis engineered landfill replaced the previous landfills of 
Wied Fulija, Ta Zwejra and Qortin (MEPA, 2009). It is managed according to the IPPC 
standards and has an estimated void of 1.7 million cubic meters. The Ghallis landfill 
approximate disposal rate is 250,000 tonnes per year. It is continually being extended to meet 
disposal demands (Wasteserv, 2011).    
The Sant‟ Antnin Waste Treatment plant is situated in the southern part of Malta. It replaced 
the 1993 MSW composting plant (Putzulu-Caruana, 2010). The new plant consists of a MRF 
and an MBT plant. The entire facility was commissioned at the end of 2010 (Putzulu-
Caruana, 2010) however part of the MRF section started operation in January 2008 (MRRA, 
2009b).  
The MRF treats dry recyclables from the bring-in sites and the “Recycle Tuesdays” scheme. 
Moreover the MRF also retrieves potentially recyclable material from the mixed MSW. In 
2010 the MRF dealt with 17,650 tonnes of material. Conversely the MBT plant digests the 
organic waste to generate biogas. In 2010 the plant dealt with around 7,950 tonnes of waste 
(Putzulu-Caruana, 2011). The biogas is then used for the generation of electricity (Wasteserv, 
2011). The residual material after this MBT would then be composted (Putzulu-Caruana, 
2010). When the plant reaches full operation it should be able to process 36,000 tonnes of dry 
recyclables and 35,000 tonnes of organic waste resulting from MSW per annum (Wasteserv, 
2010a). Furthermore the plant would be able to generate electricity for 1,400 households of 4 
persons each apart from its energy requirements (Putzulu-Caruana, 2010).  
The Gozo temporary transfer station is situated adjacent to the former Qortin landfill. This is 
currently serving as a substitute until the proper station is built. All waste that is generated in 
Gozo (except for inert waste) is currently brought to Malta on a daily basis (Putzulu-Caruana, 
2010). Construction permits have been published for the development of the required transfer 
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station. The finished project would include sorting, storage and loading bays for non-inert and 
non-hazardous waste (Wasteserv, 2011).   
The future plans for the treatment of MSW as mentioned in Malta‟s waste management 
strategy (MRRA, 2009a) includes the construction of  three principal plants.  In fact the plans 
are the construction of a MBT plant in the northern part of Malta and a small scale MBT in 
Gozo. Furthermore an incineration facility with energy generation for residual RDF waste is 
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3 Methodology  
3.1 Life Cycle Assessment Definition  
The generation and provision of products or services always result in interactions with the 
environment. These interactions may include the extraction of raw materials, manufacturing, 
transportation, operation and disposal of the final product, among other things. This activity 
affects the earth‟s natural resources adversely, either by decreasing their quantities or 
diminishing their qualities (EU, 2010, Perugini et al., 2005). 
Life Cycle Assessment (LCA) tools instil a proactive approach (Franchetti, 2009) that 
contributes to the investigation of all the stages of the product life in order to reduce the 
adverse environmental impacts (Perugini et al., 2005). In fact LCA is highly beneficial in the 
selection of the most environmentally-friendly material or process (EU, 2010). This tool 
complements many regulatory risk and impact assessments (JRC, 2007). Moreover LCA also 
helps in the selection of the components of the waste management hierarchy. The assistance 
given by the tool consists of the quantification of the process (or product or service) inputs 
and outputs, and any other indirect consequences as shown in Figure 3.1. Ultimately this will 
lead to the determination of the full environmental impact of the project (Williams, 2005).    
 
Figure 3.1 Process inputs and outputs (Williams, 2005) 
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A more comprehensive diagram of the product or process‟s interactions with the environment 
is shown in Figure 3.2 (Hartwell, 2008). The diagram shows the entire cradle-to-grave process 
i.e. from virgin inputs to emission sinks that ultimately causes climate change (Franchetti, 
2009). Here the interactions between the product and climate change effects are portrayed 
more clearly.  
 
Figure 3.2 Interactions of the product or process with the environment (Hartwell, 2008) 
 
Current studies are based on LCA methods to model future GHG emissions. So far these 
methods have been essential in determining the advantages and disadvantages of waste 
management activities. However the lack of data present from countries with undeveloped 
waste management strategies puts a drawback on LCA tools by making them more specific to 
developed countries (UNEP, 2010).   
The LCA process consists of four principal sections namely goal and scope definition; 
inventory analysis or life cycle inventory; impact assessment; and analysis and action 
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(Franchetti, 2009, Perugini et al., 2005). These will be described in the following sub-
sections. 
 
3.1.1 Goal and Scope Definition  
Goal and scope definition is intended to define the aim and extent of the study. This section 
deals with the specification of the boundaries, target audience and intended application. This 
part also takes the system under consideration together with the various other options that will 
be compared i.e. the various scenarios selected. These will be accompanied by direct and 
indirect consequences (Perugini et al., 2005). The goal and scope definition focuses on the 
temporal, geographical and technological coverage and level of the detail of the LCA 
(Ghirlando, 2011). This section is a central reference point for the conduction of the project 
(Franchetti, 2009). 
 
3.1.2 Inventory Analysis  
The inventory analysis deals with the collection of all the material and energy, inputs and 
outputs of the product/process under study. This data will be focused on the product-
environment interactions in the country or region concerned (Perugini et al., 2005). Ideally 
this would be represented in a scenario diagram (Ghirlando, 2011) or flowchart (Franchetti, 
2009), although in some cases the format of tables is also useful. 
 
3.1.3 Impact Assessment  
The impact assessment stage aims to understand and evaluate the severity of the potential 
environmental burdens brought about by the system under consideration. This is done by 
utilising the previously found or collected data and classifying the impacts into their 
respective impact categories (Perugini et al., 2005). This is a quantified representation where 
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the use of graphs is highly suggested. The results are then normalised for a fair comparison 
(Ghirlando, 2011, Franchetti, 2009).    
 
3.1.4 Analysis and Action 
The analysis and action stage gathers the results of the previous stages and presents them into 
the required format in order to meet the initial goals and scopes. Several consistency checks 
are performed at this stage (Perugini et al., 2005). Furthermore the results are analysed and 
evaluated in order to lead to the conclusions of the study (Ghirlando, 2011).     
 
3.2 Implemented Life Cycle Assessment Strategy  
3.2.1 Goal and Scope Definition  
The goal of the LCA study performed in this project is to quantify GHG emissions generated 
by different waste management scenarios in the Maltese islands. These results would be 
useful to compare the different scenarios considered and determine which scenario most suits 
the islands. The ultimate goal of this LCA study is to mitigate the climate change effects 
generated by the Maltese MSW sector. The environmental indicator in this work was taken as 
GHG because it encompasses various environmental effects from the MSW sector 
(Skovgaard et al., 2008).  
 
3.2.1.1 Boundaries 
In performing a LCA study it is difficult to consider all the product environment interactions. 
The reason is that the interactions could be numerous, and also data, time and funds 
availability amongst other things, could be limited. Thus some assumptions must be taken in a 
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study. These assumptions can be described as the boundaries of the constructed model. The 
assumptions of this LCA are listed below.  
Assumption 1 
GHGs generated by the transport of waste are not considered in this study. In a study 
conducted by  (Skovgaard et al., 2008) it was found out that the GHG generated by the 
transportation of waste amount to less than 5% of the total GHG generated by MSW.  
Assumption 2 
GHG from MSW have various impacts such as environmental and health impacts (Spies et 
al., 2010). For the scope of this dissertation only the environmental impacts are considered.  
Assumption 3 
Due to data availability, the 50 year period highlighted in the stabilisation wedges strategy 
(Bahor et al., 2009) is assumed to start in 2008. 
Assumption 4 
The GHG emissions generated by the waste exported from Malta will not be included in 
Malta‟s GHG emissions inventory. According to (Skovgaard et al., 2008) this is normal 
practice since it is difficult to have control on such waste once it has left the country of origin.    
Assumption 5 
Variations with time of the MSW composition will not be accounted for in this study. The 
MSW composition will be taken according to Figure 2.13. 
Assumption 6 
The population prediction was performed using MS Excel software by fitting the best 
trendline to the present data and getting the equation of the trendline. The „solver‟ function 
was used to reduce the sum of errors and hence improve the equation constants. Once the 
equation was obtained, a new model was built for the required time period in years. When 
calculating the percentage error of each modelled value with the actual population taken from 
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available data, this was found to be less than 1.3%. This population prediction is shown in 
Table 7.1 in Appendix I. Similar work was performed in (Kasozi and von-Blottnits, 2010).  
Assumption 7 
The MSW per capita prediction was performed similar to the population prediction explained 
in Assumption 6, where in this case the percentage error of each modelled value when 
compared with actually available data is less than 4%. This MSW prediction is shown in 
Table 7.1 in Appendix I. Similar work was performed in (Kasozi and von-Blottnits, 2010).  
Assumption 8 
To follow the strategy of the stabilisation wedges (Bahor et al., 2009) this study only deals 
with MSW and waste that has similar composition to MSW. 
Assumption 9 
The new incineration plant is assumed to be equipped with state-of-the-art technology (JRC, 
2007) 
Assumption 10 
Rejects from MBT, incineration and recycling plants that do not have further use are 
landfilled (JRC, 2007). 
Assumption 11 
The two MBT plants and the incinerator that according to the „Solid waste management 
strategy for the Maltese islands‟ (MRRA, 2009a) are planned to be built, are assumed to start 
operations at the beginning of the considered study period i.e. year 2008. The same starting 
date is also adopted for local recycling.    
 
3.2.1.2 Target Audience  
This work is mainly intended for policy makers because it is intended to give the most 
suitable waste management strategy for the Maltese islands based on the work that is already 
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in place or planned. Professionals and investors with an interest in waste management are also 
targeted in this work. By highlighting the most adaptable strategy these 
professionals/investors would find it easier to select where to invest their energies. Finally, 
students in this field can benefit from this work as well. 
 
3.2.1.3 Intended Applications 
This work utilises holistic approaches in integrating waste management activities with climate 
change consequences. The intended application is in the policy decision making process of 
MSW and climate change (Spies et al., 2010) in the Maltese Islands.  
 
3.2.1.4 Scenarios 
One of the advantages of an LCA study is the opportunity it gives to compare different 
scenarios i.e. policy options for the region understudy. This comparison yields the most ideal 
strategy and then it is up to the policy makers to implement this strategy in the interest of the 
population. Although it is ideal to design scenarios that are factual, the use of LCA also 
encourages policy makers to be creative. The addition of creative scenarios may lead to 
interesting results that may be worth consideration (IFEU, 2009).  
The various scenarios selected for this particular LCA study are shown in Table 3.1. These 
include the Business as Usual (BAU) scenario and 9 other different scenarios which utilize 
several waste treatment techniques to different extents, according to the percentages shown in 
Table 3.1. Hence, for example, the BAU scenario considers that 96% of the MSW goes to 
landfilling and 4% is exported. Effort was made so that these scenarios reflect realistic 
Maltese characteristics. They are based on the information collected in the literature review. 
Importance was given to the „Solid waste management strategy for the Maltese islands‟ 
(MRRA, 2009a) and the waste management hierarchy shown in Figure 2.15. Furthermore the 
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scenario design was performed in a way such that each scenario emits less GHG than its 
previous counterpart.  
 







Scenario BAU 96 0 0 0 4 WI 
Scenario 1 75 12 0 0 13 WI 
Scenario 2 50 30 0 0 20 WI 
Scenario 3 25 30 25 0 20 WI 
Scenario 4 25 30 25 10 10 WI 
Scenario 5 10 40 25 25 0 WI 
Scenario 6 0 40 25 35 0 WI 
Scenario 7 25 30 25 10 10 WR 
Scenario 8 10 40 25 25 0 WR 
Scenario 9  0 40 25 35 0 WR 
Table 3.1 Waste management scenarios in percentages; WI: Waste Increase; WR: Waste Reduction 
 
When considering the waste treatment activities in Table 3.1 the following clarifications must 
be noted: 
 Landfilling is considered as the landfill that is currently in operation. This landfill is 
constantly being extended to cater for the local demands. This is a sanitary landfill 
with gas collection (Putzulu-Caruana, 2010). 
 MBT refers to the current MBT plant in operation (Sant‟ Antnin) and another two 
that, according to the „Solid waste management strategy for the Maltese islands‟ 
(MRRA, 2009a) are planned; one in the North of Malta and one in Gozo. 
 Incineration refers to an incineration plant that, according to the „Solid waste 
management strategy for the Maltese islands‟ (MRRA, 2009a), is planned to be built 
in the near future.  
 Local Recycling refers to the recycling of recyclable constitutes of MSW processed in 
Malta. 
 Waste Export refers to the export of waste. According to Assumption 4, the GHG 
emissions from such waste will not be recorded in Malta‟s GHG inventory. 
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 In these scenarios, two different waste trends are followed, donated as WI and WR in 
Table 3.1. The WI trend considers that the current MSW generation rate is increasing. 
This was modelled as mentioned in Assumption 7. The other trend (WR) assumes that 
the MSW generation has a reducing trend, as mentioned in Lu et al.‟s Taiwanese case 
study (Lu et al., 2006). Lu et al. achieved a 30% MSW reduction in 6 years, however 
in this case, a MSW per capita reduction of 30% in 50 years was selected. This target 
is more realistic for the Maltese islands (when compared to the Taiwanese) 
considering their reluctance to adhere to new waste management practices (Valasco et 
al., 2008). This waste reduction is shown in Table 7.2  in Appendix I. It is planned to 
achieve this waste reduction through policies such as education and fiscal incentives 
as mentioned in (Lu et al., 2006).  
A Causal Loop Diagram (CLD) model representation of these scenarios was also performed 
and this is presented in Section 3.2.2.3.  
 
Scenario BAU 
The BAU scenario considers the situation present in the year 2008 and assumes that the trend 
remains the same for the future. This consists of 96% of MSW being landfilled (Eurostat, 
2011a) while the rest is exported. 
Scenario 1 
This scenario mainly considers the Sant‟ Antnin MBT waste treatment plant that is currently 
in operation. When this plant operation reaches full capacity, it should be able to process 
36,000 tonnes of dry recyclables and 35,000 tonnes of organic waste resulting from MSW per 
annum (Wasteserv, 2010a). Furthermore the Maltese currently generate around 290,000 
tonnes of waste annually. This figure was obtained by multiplying the current MSW 
generation per capita, which is 696 kg (Eurostat, 2010), by the current population of 417,000 
(Eurostat, 2011c). Thus when considering the capacity of the Sant‟ Antnin plant in proportion 
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to Malta‟s generated waste, the percentages of 12% and 13% for MBT and dry recyclables 
(for export) respectively are obtained. The rest of the waste generated i.e. 75% is assumed to 
be landfilled.  
Scenario 2 
This scenario is focused on the situation when the three MBT plants mentioned in (MRRA, 
2009a) are in place. As stated in Assumption 11, in this study all three plants are assumed to 
start operating in 2008.  In this scenario 30% of the waste generated is dedicated to treatment 
by MBT. The 30% is composed of 8% for the waste generated in Gozo, 12% for the Sant‟ 
Antnin Plant and the rest for a further plant that is planned to be built. In this scenario it is 
planned that 20% of the total waste generated in the islands is recovered for export. Thus the 
rest of the waste (50%) would be landfilled.    
Scenario 3  
This scenario is similar to Scenario 2, however 25% of the waste previously directed to 
landfilling is now shifted to an incineration plant that is planned to be built according to 
(MRRA, 2009a). 
Scenario 4 
The fourth scenario is very similar to Scenario 3. However in this scenario there is the 
introduction of local recycling (commencing in 2008). In fact half of the waste that in 
Scenario 3 is exported is now planned to be recycled in Malta. The local recycling is 
specifically focused on paper and cardboard.  
Scenario 5  
This scenario shows a further push towards the MBT direction. In fact in this scenario, MBT 
is assumed to take 40% of the total MSW generated in the Maltese islands. Furthermore this 
scenario places further emphasis on local recycling because in this case local recycling takes 
25% (10% paper and cardboard, 10% plastic and 5% glass) of the local MSW generated. The 
increase in MBT and recycling contribute to waste reduction from the landfill because in this 
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case it only takes 10% of the total MSW generated. Conversely, the incinerator in this 
scenario is assumed to take the same amount of waste as in Scenario 4 i.e. 25%. 
Scenario 6  
This is a very particular scenario because it assumes no landfilling, whereas in reality, in the 
Maltese islands, there is currently a large tendency to favour landfilling (ADI-Associates, 
2009). This scenario assumes that no waste is directed to landfilling except for the waste that 
may be output from other MSW treatment processes. In moving from Scenario 5 to this 
scenario, there is a shift of 10% landfilling to local recycling, incrementing the latter to 35% 
of the total MSW generated. This recycling is distributed as 15% paper and cardboard, 15% 
plastic and 5% glass.  On the other hand, MBT and incineration are allocated the same 
percentages shown in Scenario 5 i.e. 40% and 25% respectively.     
Scenario 7 
Scenario 7 is similar to Scenario 4 but with consideration of the WR waste reduction trend. 
Scenario 8 
Scenario 8 is similar to Scenario 5 but with consideration of the WR waste reduction trend. 
Scenario 9  
Scenario 9 is similar to Scenario 6 but with consideration of the WR waste reduction trend. 
   
3.2.1.5 Software 
In this work three different software packages have been used. These are IPPC-Model, SWM-
GHG calculator and Vensim. Vensim is used to pictorially model each scenario presented in 
Table 3.1 as a Causal-Loop Diagram. These models are highly useful to further understand 
the interrelationships between the model variables. On the other hand, the IPPC-Model and 
the SWM-GHG calculator are used to calculate the GHG generated from Malta‟s waste 
management scenarios. The outputs of these models are then grouped together by the 
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techniques of data fusion. This data fusion gives the opportunity to use the advantages of both 
software and yield an improved and more accurate data output. 
Vensim 
Vensim is a modelling and simulation software developed by Ventura Systems, Incorporation. 
It is intended to help in the analysis of complex problems exhibiting dynamic interactions. 
The software uses the principles of systems dynamics to simplify the understanding of the 
problem dynamics (Ventana-Systems, 2011). In this dissertation, Vensim is used to pictorially 
explain the dynamics behind the scenarios shown in Table 3.1 to be investigated by the LCA 




The Revised 1996 IPCC Guidelines for National Greenhouse Gas Inventories and the Good 
Practice Guidance and Uncertainty Management in National Greenhouse Gas Inventories 
describe two methods for estimating CH4 emissions from Solid Waste Disposal Sites 
(SWDS). These methods are the Mass Balance method (tier 1) and the First Order Decay 
(FOD) method (tier 2).  Such methods can be performed using the excel based IPPC-model 
(IPCC, 2006).   
The FOD model (tier 2) is based on the assumption that the Degradable Organic Fraction 
(DOC) of the waste reduces at a slow rate throughout a number of years. During these years 
GHGs are formed. Such formation rate is highest in the period close to the deposition rate  
(IPCC, 2006). On the other hand, the Mass Balance Method (tier 1) quantifies all the 
potentially emitted GHG that would normally be emitted by the waste for the year in which 
the waste is disposed. The tier 1 approach does not consider the degradation of the waste with 
time and thus is less accurate than the tier 2 approach. (Weitz et al., 2008). Figure 3.3 shows 
the principal differences between tier 1 and tier 2 models. The tier 2 model requires good 
quality, country specific data when compared to the tier 1 approach. The latter is synonymous 
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with default data suggested by the IPCC.  For the purpose of this study the FOD method (tier 
2) will be used due to good quality data and software availability. 
 
Figure 3.3  Variations in the quantities of GHG emitted with time for the IPCC Tier 1 and Tier 2 




SWM-GHG calculator is a LCA tool based on the Excel platform for calculating GHG 
Emissions in Solid Waste Management. It was developed by the German Institute for Energy 
and Environmental Research (IFEU) and has the support of the German Federal Ministry for 
Economic Cooperation and Development. The aim behind this development is to understand 
the effects of waste on climate change (IFEU, 2010). The tool is intended for decision makers 
to take full advantage of MSW. This is done by allowing for quantitative comparison of 
different waste treatment options (such as MBT, incineration and recycling) at an initial 
design stage. The software is able to cater for waste emissions occurring years after it has 
been disposed of and outputs the results in terms of CO2-e (Spies et al., 2010). The 
principle of operation of, this tool is equivalent to the tier 1 approach of the IPCC. 
Furthermore the SWM-GHG assists in the determination of the costs associated with the 
waste treatment options (Spies et al., 2010). According to (Spies et al., 2010) the results of 
the SWG-GHG can be described as “sufficiently accurate quantitative approximation of 
the GHG impacts” that are useful for decision making.  
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3.2.2 Inventory Analysis or Life Cycle Inventory 
The modelling software used for the GHG calculations are the IPPC-Model and the SWM-
GHG Calculator. Both packages are based on MS Excel. These software packages are 
furnished with default data for the region under consideration i.e. southern Mediterranean. 
However when the Maltese data was found from various other sources, the new data was 
input in the relevant cells.  
 
3.2.2.1 Data Sources 
The software packages utilised in this work namely the IPPC-Model and the SWM-GHG 
Calculator requires various data in order to calculate the GHG emissions from MSW.  
The IPPC-Model starts by enquiring the geographical region of the country under study in 
order to link to the region specific data. The software than asks for the Degradable Organic 
Carbon (DOC) in the Maltese MSW. Other information requirements include the Methane 
generation constant, the Oxidation factor (OX) and the Methane Correction Factor (MCF). 
The MSF varies according to the type of landfilling implemented. Other notable data inputs 
include the quantities of MSW landfilled and the MSW composition. These data inputs are 
presented in Table 7.3 in Appendix II. 
The SWM-GHG Calculator also asks for the waste quantities and composition. Moreover this 
software requires technical figures on the collection and treatment of landfill gas and 
incineration process. Other information requirements include the GHG emission factor for the 
electricity generation. This information is presented in Table 7.4 in Appendix II.    
 
3.2.2.2 Data Limitations 
In performing such studies it is important to note the limitations that may be present in the 
input data. A case in point is that old measurement techniques may not be reliable when 
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compared to today‟s technologies. In fact it is difficult to find reliable Maltese data on GHG 
and waste management prior to 1990 (MEPA, 2009).  Furthermore in some cases accurate 
(global) GHG emissions from waste practices are difficult to obtain (UNEP, 2010). 
The current Maltese waste management scenario is changing significantly (Wasteserv, 2011). 
Thus it is more difficult to find data old enough to be used for modelling. Moreover the 
Maltese islands are currently inclined to MBT plants. Although MBT is proper waste 
treatment activity, its technology is relatively new and there is not enough data on such 
processes for detailed judgment (Bahor et al., 2009, IFEU, 2009).  
When no country specific data was found, default values suggested by the respective software 
were used. These values are based on the averages of the region and should not lead to large 
differences in the output results (IFEU, 2009). Moreover these simplifications are not 
significant for decision making (IFEU, 2009). 
 
3.2.2.3 Causal Loop Diagrams  
Causal Loop Diagrams (CLDs) are highly beneficial to explain the system dynamics behind 
each designed policy scenario. Such CLDs are also used for the interpretation of the results of 
this study. Each diagram incorporates a wide span of variables starting from the waste source 
to the GHG emitted into the atmosphere. This shows the relationship between the treatment 
activities and GHG generation within the Malta‟s waste management sector.  
Standard CLD drawing procedures were used in this work. This makes it easy to flow through 
the links (arrows) between the variables within the diagrams. A positive polarity indicates a 
similar relationship between the cause and the effect, i.e. if variable A increases (decreases), 
variable B increases (decreases). On the other hand a negative relationship indicates an 
opposite relationship between the cause and the effect, i.e. if variable A increases (decreases), 
variable B decreases (increases) (Sterman, 2000).   
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Although special effort was input in this work so that a high amount of detail is incorporated a 
model is always an imitation of reality and one can still continue to update or refine these 
diagrams. Moreover CLD construction is highly subjective and thus contrasting opinions may 
exist.   
A CLD for each scenario shown in Table 3.1 is constructed. The CLDs for the BAU scenario 
and Scenario 7 are presented in Figure 3.4 and Figure 3.5 respectively, while the other CLDs 
are presented in Figures 7.1 - 7.7 in Appendix III.  
The CLD for the BAU Scenario (Figure 3.4) shows that economic growth increases the 
MSW/capita/day which increases the Daily MSW. The latter variable is also increased by an 
increase in population. An increase in the Daily MSW leads to an increase in Mixed Waste 
and in the Waste sorted for recycling. The latter variable is increased by policies encouraging 
people to separate their waste for recycling and by exogenous variable percentage recyclables 
in MSW. An increase in the Waste sorted for recycling increases the Waste Export while 
decreases the waste allocated for landfilling. The latter is a major source of GHG emissions.    
Scenario 7 includes MBT, incineration and recycling in the Maltese islands. The relationships 
between these treatment activities and GHG emissions are represented by the CLD of Figure 
3.5. A sound economy tends to increase the MSW/capita/day which together with an increase 
in population increases the Daily MSW. The latter increases the Mixed Waste and the Waste 
sorted for recycling.  
In this scenario policies are introduced to reduce the MSW/capita/day and increase MSW 
separation. The percentage MSW separated and the percentage recyclables in MSW dictates 
the Waste sorted for recycling, the latter is also increased by the MBT and incineration 
treatments. Furthermore the waste sorted for recycling increases local recycling and waste 
export for recycling.   
In this diagram two balancing loops were obtained due to MBT (loop B1) and incineration 
(loop B2). Starting with the loop B1, an increase in the mixed waste increase the amount sent 
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to MBT (this amount is dependent on the MBT plant capacity). MBT increases the waste 
sorted for recycling which decreases the mixed waste. An exactly opposite result is obtained 
for an initial decrease in mixed waste. Considering loop B2, an increase in mixed waste, 
increase the amount sent to incineration (this amount is dependent on the incinerating plant 
capacity). Increase in incineration increase the ash and thus the waste sorted for recycling. 
The latter decreases the mixed waste and vice versa for different initial conditions.  
Furthermore the MBT plant outputs water residue, soil conditioner and biogas. The biogas is 
used for generating electricity and heat however there is also the flue gas release. Apart from 
yielding ash the incineration process also generates electricity and heat while outputting flue 
gas. The benefits of this scenario is that MBT, incineration and recycling leads to the 
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3.2.3 Impact Assessment  
During this study the SWM-GHG tool is employed eleven times for each scenario to calculate 
the GHG emitted every five years, each time setting the corresponding amount of MSW 
generated. This is performed to cover a total period of fifty years as suggested by the 
stabilisation wedges strategy (Pacala and Socolow, 2004). While the IPCC-model is 
employed once for every scenario (since it outputs the GHG emitted over a number of years), 
in this case a 50 year timeframe was set. The IPCC model outputs the results in terms of 
quantities of CH4. These results are then converted to CO2-e in accordance with Figure 2.9 to 
conform with the integrated waste management stabilisation wedge (Bahor et al., 2009, 
Pacala and Socolow, 2004).  
The IPPC-Model deals only with landfills and these results are slightly more accurate than 
those outputted by the SWM-GHG Calculator. Thus in order to benefit from the advantages 
of both software packages, the principles of data fusion are used to couple the GHG generated 
from landfilling as calculated by the IPPC-Model with the GHG generated from MBT, 
incineration, and local recycling calculated by the SWM-GHG Calculator. Ultimately the 
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4 Results and Discussion 
This chapter is in conformance with the analysis and action part of the LCA methodology 
(Perugini et al., 2005) discussed in Section 3.1.4. The results obtained from the methodology 
discussed in the previous chapter are presented here. These are then followed by the 
discussion of the principal points that arise from these results.  
 
4.1 Results 
The 50 year GHG tends for each developed scenario are presented in Figure 4.1. These are 
followed by the integrated waste management stabilisation wedge for the Maltese islands 
shown in Figure 4.2. This wedge is composed of the BAU scenario and the stabilisation 
scenario i.e. the one that most assimilates a horizontal trend, namely Scenario 2 (Bahor et al., 
2009, Hotinski, 2007). More details justifying the selection of Scenario 2 for this purpose are 
given in the discussion of Section 4.2. Two polynomials were fitted to the two trends (BAU 
and Scenario 2) of Figure 4.2 by the trendline function in MS Excel. These polynomials 
enabled the calculation of the GHG incorporated within this wedge. Finally Figure 4.3 shows 
the individual GHG trends generated by the waste treatment activities (MBT and landfilling) 
incorporated within the resulting waste wedge scenario i.e. Scenario 2. When added together 
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The area between the two plots of Figure 4.2, showing Malta‟s integrated waste management 
stabilisation wedge, represents the amount of GHG that could be prevented from being 
emitted into the atmosphere (Pacala and Socolow, 2004). This can be calculated using 
mathematical integration with respect to time (years) of the two polynomials fitted to the 
GHG trends in Figure 4.2 as shown in the following calculation: 
 
Area of Wedge = Area under Scenario BAU – Area under Scenario 2 
                                                                  
  
 
       
                                                     
  
 
                  
                           
                     
              
 
The above calculation shows that with the adaptation of Scenario 2, which adopts waste 
management actions to stabilize GHG emissions to current values for the next 50 years, 16.6 
Mt less CO2-e gases would be emitted when compared with a BAU situation.  
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4.2 Discussion 
The results obtained in this study are highly coherent with the works of (Pacala and Socolow, 
2004, Bahor et al., 2009). In fact the GHG trends obtained in Figure 4.1 are similar to the 
trends presented in the theoretical diagram of Figure 2.2 (Hotinski, 2005). This result leads to 
the integrated waste management stabilisation wedge of Figure 4.2 that is similar to the 
theoretical wedge shown in Figure 2.3 (Hotinski, 2005). This wedge is a fundamental result in 
this study because it shows the potential success of the selected scenario. Finally, the result of 
Figure 4.3 (which gives more details on the waste wedge scenario) is comparable to that 
presented in the study of (Bahor et al., 2009).     
This discussion first starts by analysing the GHG trends of Figure 4.1. This is followed by the 
analysis of the stabilisation wedge shown in Figure 4.2 and the waste wedge scenario of 
Figure 4.3. The discussion will also tackle other points brought up in the literature review that 
are related to the results obtained. Moreover, continuous reference is made to the theoretical 
approaches indicated by (Pacala and Socolow, 2004, Bahor et al., 2009) which are considered 
as the basis of this study.  
The different GHG trends shown in Figure 4.1 indicate high diversification in the designed 
waste management scenarios of Table 3.1. This is proven by the fact that the ten scenarios 
start from the same point in year 1 (associated with year 2008) and end up at six distinctive 
GHG levels in year 50 (associated with year 2057). After the 50-year time span, scenarios 3, 
4, 8 and 9 end up at nearly the same GHG level, while scenarios 5 and 6 also end up in similar 
levels. In fact scenarios 5 and 6 yield the most GHG reductions in this study. On the other 
hand scenarios BAU, 1, 2 and 7 end the 50 year time span with distinctive GHG levels. Out of 
all the scenarios, the BAU scenario gives the highest GHG emissions levels as expected. In 
fact this trend starts at an emission level of around 100kt of CO2-e and increases at a nearly 
constant rate to the levels of 437kt of CO2-e. In this work, where the ultimate goal is to 
suggest a policy that simultaneously mitigates climate change and waste management, the 
BAU scenario serves as a continuous reference point for the current situation, on which 
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improvements must be made. In fact the other scenarios considered in this study are based on 
policies that intend to improve the situation presented in the BAU.  
The first set of policies that intend to improve the BAU Scenario is Scenario 1. This is based 
on the introduction of the first MBT plant and reduction of landfilling practice to 75% of the 
total MSW. The trend of Scenario 1 starts with a very minimal decrease in GHG emissions 
and then increases till the point when it reaches 230kt of CO2-e after 50 years. The emission 
figure of 230kt of CO2-e is nearly half the emissions from the BAU Scenario. Although 
Scenario 1 presents an improvement over the BAU Scenario, this improvement alone is not 
enough to bring compliance with the strategy of the stabilisation wedges (Pacala and 
Socolow, 2004).  
Lower GHG emissions are yielded by Scenario 2. In this scenario 30% of the MSW is 
directed to MBT while landfilling dependence is reduced to 50%. The trend of this scenario 
starts with a small decrease in the GHG emissions (from 100kt of CO2-e) till the point when it 
reaches 51kt of CO2-e in the year 2042. Following this, the emissions increase again to 59kt 
of CO2-e in 2057.  A detailed trend and composition of Scenario 2 is presented in Figure 4.3. 
From the figure one can note that MBT which leads to a negative GHG balance largely 
compensates for landfilling which yields high GHG emissions. Thus the effect of MBT is able 
to maintain a nearly constant GHG emission level in this scenario. 
The GHG emitted in Scenario 2 never exceed the emissions of year 2008 (the starting year) 
which was at around 100kt of CO2-e. Thus Scenario 2 is in conformance with the stabilisation 
wedge scenario proposed by (Pacala and Socolow, 2004). The latter state that in order to 
satisfy the stabilisation wedge scenario the GHG must have a horizontal trend for a 50 year 
time span. Moreover Scenario 2 goes beyond this requirement because it yields some GHG 
reductions within the selected time scale.   
One can note that Scenario 2, which according to the stabilisation wedges strategy (Pacala 
and Socolow, 2004) is the most suitable scenario for the Maltese islands for the next 50 years 
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(because it exhibits a nearly horizontal GHG trend), is different from the global integrated 
waste management scenario proposed by (Bahor et al., 2009). In fact the global waste wedge 
scenario consists of 46% recycling, 36% incineration with energy recovery and 18% 
landfilling. However the (Bahor et al., 2009) study did not consider advanced treatment 
processes such as MBT because of lack of data availability at that time. One must consider 
the fact that each country has its unique characteristics which highly influences the selection 
of the waste treatment processes.    
The remaining scenarios i.e. Scenario 3 to 9 all yield a GHG reduction within a 50 year 
period. This is in conformance with the works of (Christensen et al., 2009) and (UNEP, 2010) 
who state that waste management is one of the unique GHG emission sectors that can lead to 
emission reductions. These GHG reductions are mostly attributed to recycling. This was 
specifically proved by scenarios 5 and 6. The latter two scenarios have the largest percentage 
recycling within this study.  Results like these further motivate policy makers to step up their 
efforts in the field of waste management in order to mitigate GHG problems. 
Scenarios 3 and 4 have similar strategies. In fact the only difference is that in Scenario 4, 10% 
of the MSW is recycled locally rather than being exported. Conversely in both scenarios 
landfilling, MBT, and incineration are allocated 25%, 30% and 25% of MSW respectively. 
The GHG trends of these scenarios exhibit a negative slope till the year 2032. From this point 
onwards the trends continue to decrease at a lesser rate and in 2057 end up with a GHG 
reduction of 40kt of CO2-e. This GHG decrease can be mainly attributed to the combination 
of decrease in landfilling and increase in MBT and incineration. 
Scenarios 5 and 6 both exhibit similar trends which lead to the highest GHG reductions. 
These scenarios are dominated by high recycling rates and low landfilling rates. On the other 
hand, both scenarios have the same MBT and incineration rates. The trends of these scenarios 
decrease with a large gradient till 2020. This reduction gradient reduces between 2020 and 
2042 while from then onwards the trend gradient reduces again until it ultimately reaches a 
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GHG reduction figure of around 95kt of CO2-e in 2057. This high emission reduction is 
mainly attributed to minimal landfill use and recycling of large amounts of MSW.     
The scenarios described so far i.e. 1 to 6 were based on the current MSW generation rates as 
shown in the model of Annex I. Such trends indicate an increase in waste, so much so that the 
islands rank among the top nations with respect to MSW generation per capita in the EU  
(Eurostat, 2011a, Eurostat, 2010). This has led to the consideration of waste reduction 
schemes in Scenarios 7, 8 and 9.   
The GHG trend of Scenario 7 starts with a continuous decrease till the year 2027. From this 
point onwards it exhibits a constant GHG reduction value of about 5kt of CO2-e. Scenario 7 
has a very particular GHG trend. It indicates that MSW activities leave no carbon footprint on 
the environment. In fact Scenario 7 would be ideal for the second major target for the Maltese 
islands after satisfying Scenario 2. Scenario 7 fits suitably well with the second stage of the 
stabilisation wedges strategy (Pacala and Socolow, 2004) because it indicates a GHG 
reduction following a 50 year constant emission generation. 
Scenarios 8 and 9 exhibit a similar GHG trend as that followed by scenario 3 and 4. Such a 
trend leads to a GHG reduction of 40kt of CO2-e after 50 years. The 40kt of CO2-e GHG 
reduction is larger than that output by Scenarios 5 and 6 while less than that output by 
Scenario 7. The fact that in Scenarios 8 and 9 there is greater emphasis on recycling at the 
expense of landfilling (when compared to scenario 7) gives the possibility for Scenarios 8 and 
9 to recover more GHG. Therefore in this case reductions in GHG are mainly attributed to 
recycling.  
When comparing the scenarios which assume waste increase (BAU, 1 to 6) with those that 
cater for waste reduction (7 to 9), one can notice that a relationship exists. In fact it can be 
noticed that the higher the amount of waste recycled, the higher the amount of GHG 
recovered (i.e. GHG recovered   waste recycled). Moreover recycling locally or abroad leads 
to similar effects on the GHG inventory.  
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The relationship observed above is specifically illustrated by Scenarios 5, 6, 8 and 9. 
Scenarios 5 and 6 yield a GHG output of -95kt of CO2-e while scenarios 8 and 9 yield a GHG 
output of -40kt of CO2-e. One must also note that Scenario 5 is the same as Scenario 8 and 
Scenario 6 is similar to Scenario 9. Thus the difference in GHG reductions is attributed to the 
fact that Scenarios 8 and 9 have less waste to recycle. The same can be said for Scenarios 4 
and 7 but with a different recycling percentage.  
Initially the scenarios in Table 3.1 were designed with the intention of putting them in what 
was thought to lead to a decreasing order of GHG emission levels. However different trends 
were obtained (as shown in Figure 4.1) due to the impact of recycling on GHG reductions. In 
scenarios 7, 8, and 9 there was less waste to recycle when compared to scenarios 4, 5, and 6. 
Thus in the latter three scenarios there were higher GHG savings. This effect can be attributed 
to the presence of additional feedback loops (based on the results obtained in this study) than 
the one shown in the previous CLDs in Section 3.2.2.3. The CLD of Scenario 7 is selected for 
the inclusion of these additional feedback loops because it contains all the links and variables 
in the work. This modified CLD is presented in Figure 4.4 where the feedback loops are with 
thicker orange links. The feedback link from GHG to MSW/capita/day leads to the presence 
of loop R1. Furthermore the presence of feedback link from GHG to Policies leads to the 
presence of feedback loop R2 and B3.     
Based on the previous discussion and on the resulting GHG trends of Figure 4.1, from a GHG 
reduction point of view one would tend to select Scenarios 5 and 6. However this is a very 
risky decision because large amount of waste is being generated. Moreover if GHG emissions 
are reduced, the public will have a tendency not to give too much importance (due to lack of 
awareness) to generating less MSW and this could initiate a GHG increase trend. This is 
represented by the reinforcing loop, R1 in Figure 4.4, where a reduction in GHG leads to an 
increase in MSW/capita/day, this will increase the Daily MSW and the Waste sorted for 
recycling. The latter would decrease the mixed waste sent to landfill which thus decreases 
GHG and vice versa for a GHG increase. Moreover the dynamics of the reinforcing loop itself 
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tend to make the system unstable. This case is an example of unintended consequences of 
policies. 
Another resulting loop leading to unwanted results is loop R2 shown in Figure 4.4. In this 
loop when GHG decreases, policies decrease and MSW/capita/day increases. This increases 
that amount of waste sorted for recycling and reduces the waste sent to landfill thus GHG 
decreases. Conversely for opposite initial conditions the GHG increases. The reinforcing 
dynamics of loop R2 tend to introduce instability which further moves away from the initial 
target. These options are not coherent with the strategy of the stabilisation wedges (Pacala and 
Socolow, 2004). 
In fact for the first 50 years of implementation of the stabilisation wedges strategy (Pacala and 
Socolow, 2004) propose stable GHG emissions. This stability is obtained by the balancing 
loop B3 in Figure 4.4. When GHG increases, policies that encourage people to separate their 
waste increase, leading to an increase in the waste sorted for recycling and reduction in the 
landfilling of mixed waste. The latter leads to a decrease in GHG emitted into the atmosphere. 
Due to the balancing dynamics of this loop when the GHG levels decrease, this loop tends to 
increase them again to acceptable (planned) values. As can be noticed this loop is an example 
where the designed policies reach their intended consequences.      
Although the most adaptable loop i.e. loop B3 in Figure 4.4 does not incorporate waste 
reduction it is believed that from a holistic point of view Scenarios 8 and 9 are more 
environmentally friendly than Scenarios 5 and 6 because waste reduction leads to less harm 
on the Earth‟s natural resources. Moreover in Malta‟s perspective, emphasis must also be 
made on MBT and incineration treatments apart from recycling. These waste treatments 
amalgamated together would result in a positive impact both on the environmental indicator 
as well as the Earth‟s resources. 
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Figure 4.5 MSW allocation in the Maltese islands 
When dealing with MSW there are various processes that need to be considered. One 
indispensible task is to allocate the MSW generated to several treatment activities. The 
treatment activities within the Maltese case study are landfilling, MBT, incineration, recycling 
and waste export as shown in Figure 4.5. These treatment activities all have large number of 
complex processes leading to the generation and/or reduction of GHGs as mentioned in Table 
2.3. A good selection strategy includes the consideration of the net GHG generation/reduction 
of each MSW treatment activity adopted. Such a calculation can be performed using LCA 









Since in a waste management strategy there are a number of treatment activities employed 
simultaneously, in some cases it could be difficult to pin-point a primary activity for the GHG 
changes within the scenario. The CLD models presented in Section 3.2.2.3 are intended to 
assist in the choice of the GHG source because they give more details on the system dynamics 
behind each scenario.  
From the scenario specifications shown in Table 3.1 and the scenario trends presented in 
Figure 4.1 one can observe a direct relationship between landfilling and GHG emitted. In fact 
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a decrease in landfilling was accompanied by a decrease in the GHG generated in all the 
scenarios considered. This is coherent with various studies (UNEP, 2010, Defra, 2005) that 
classify landfilling as the last resort for waste management activities. Furthermore this result 
also agrees with the EU‟s waste management hierarchy presented in Figure 2.15 (EU, 2010). 
Since the Maltese islands have high landfilling dependence (Eurostat, 2010) the shift of waste 
from landfilling to other less GHG generating activities has a potential for higher 
improvement on the GHG inventory. This is mainly due to the large amount of waste 
available for this shift.  
This study, (especially in Scenarios 1 and 2) highlighted the strength of MBT in Malta‟s 
perspective. A 12% MBT plus 13% material recovery for export reduces the GHG emissions 
by more than 200kt of CO2-e when compared to the BAU Scenario. Furthermore a 30% MBT 
plus 20% material recovery for export reduces the GHG emissions by 378kt of CO2-e when 
compared to the BAU Scenario. The latter case brings conformance with the stabilisation 
wedges strategy (Pacala and Socolow, 2004). This sustains the view of the „Solid waste 
management strategy for the Maltese islands‟ (MRRA, 2009a) that it is right in its intention to 
focus on MBT as a solution to the local MSW issues.    
Scenario 3 in this study can specifically highlight the contribution towards GHG reductions 
by incineration at the expense of landfilling. Comparing Scenario 2 with Scenario 3, it can be 
noted that in the latter there is a 25% MSW shift from landfilling to incineration. After a 50 
year time scale this shift results in a GHG reduction of around 100kt of CO2-e. Such a 
positive result is due to the fact that incineration (unlike landfilling) does not produce any 
methane (Williams, 2005). Methane is a highly dangerous gas and has a global warming 
potential of 23 (US-EPA, 2011).  Ultimately this result emphasises the environmental benefits 
of incineration over landfilling as stated in the waste management hierarchy of Figure 2.15 
(EU, 2010).  
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As stated in Assumption 4 (Skovgaard et al., 2008) the recyclable waste that is directed for 
export is not considered in this GHG inventory. This waste is exported from the islands 
because there are limited recycling facilities (MRRA, 2009b). Moreover it is difficult to 
construct such facilities in Malta because of issues of economies of scale (Schembri, 2010) 
and lack of heavy industry for the production of steel, paper glass or chemicals (MRRA, 
2009b). In this study the exported waste represents waste that is not treated, but it will not 
affect the environment in terms of the local GHG inventory. It is difficult to analyse the 
impact of the exported waste on the GHG trends of Figure 4.1. This is due to the fact that it is 
unclear how that waste would have been treated if it were not exported. 
 
Scenario 2 is the ideal policy in line with the stabilisation wedges strategy (Pacala and 
Socolow, 2004, Bahor et al., 2009) to solve the climate change effects caused by Malta‟s 
waste management. This result consists of the wedge shown in Figure 4.2. The wedge is a 
triangular shape enclosed by the BAU Scenario trend, Scenario 2 trend and the 50 year mark 
(vertical line). The theoretical wedge (Figure 2.3) would have three perfectly straight line 
edges, however it is difficult to obtain this in practical work.  
Using mathematical integration, the area of the Maltese islands‟ integrated waste management 
stabilisation wedge was calculated to be around 16.6Mt CO2-e. The latter figure represents the 
amount of CO2-e saved when adopting Scenario 2 instead of the BAU scenario. Although the 
16.6Mt CO2-e reduction for a stabilisation wedge is very small when compared to the global 
50Gt CO2-e suggested by (Pacala and Socolow, 2004), such a reduction is enough for the 
islands to conform locally with this strategy, for the following reason: namely that the 50Gt 
CO2-e reduction target can be reached by the collective contribution of various states around 
the globe. This concept is shown pictorially in Figure 4.6, where the integrated waste 
management wedges of various states are summed together to form a global wedge. Such a 
concept was also studied in (Bahor et al., 2009). The size and composition of the wedges of 
Chapter 4 – Results and Discussion 
 
88 | P a g e  
 
the individual states may vary according to the state itself and its population. The most 
important issue is that there is a collective contribution towards the global integrated waste 
wedge.   
 
 
Figure 4.6 The contribution of individual states towards a global wedge in the stabilisation wedges strategy  
 
However (Pacala and Socolow, 2004, ISWA, 2009) stated that the GHG contributions should 
be obtained from various fields of studies apart from MSW in order to be able to mitigate 
climate change. Examples of these fields of studies include energy efficiency and 
conservation, fossil fuel based strategies, renewables and storage amongst others. These are 
represented by the addition of a third dimension to the diagram shown in Figure 4.6. The three 
dimensional diagram is shown in Figure 4.7, where the global wedges for each GHG 
reduction in various fields of study are summed together to mitigate climate change. It is this 
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This strategy should be suitably managed by a credible unit system. In this case all 
measurements are performed in terms of CO2-e (Pacala and Socolow, 2004) and when 
conversions are necessary the global warming potentials shown in Figure 2.9 (US-EPA, 2011) 





Figure 4.7 The concept of climate change mitigation due to the summation of all the global wedges in 
the stabilization wedges strategy  
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5 Policy Implementation 
Following the selection of the ideal scenario for the Maltese islands in accordance with the 
strategy of the stabilisation wedges (Pacala and Socolow, 2004), one can look at the resulting 
scenario 2 as the most suitable waste management policy for the Maltese islands for the next 
50 years. Scenario 2 deals with the current MSW generation rates and allocates 50% to 
landfilling, 30% to MBT and 20% for export.  However, in order to enhance the success of 
the policy, one has to consider its implementation strategy. Amongst other issues, the 
implementation process considers the addition of other relevant policies together with the 
resulting policy.  
This chapter will give more details on how this scenario can be implemented in Malta‟s case 
study. In fact this chapter starts by discussing the concept of Integrated Waste Management as 
the basis for the implementation of Scenario 2. This will be supported by other guiding 
principles as suggested by the waste management plan for the Maltese islands 2008-2012 
(MRRA, 2009b). These principles include the Precautionary Principle, Extended Producer 
Responsibility, Best Practicable Environmental Option and the Principles of Proximity and 
Self-sufficiency together with other ideas that are coherent with Malta‟s necessities. 
 
5.1 Integrated Waste Management  
During this dissertation, continuous reference to collaboration between stakeholders as a 
means to achieve goals was made. This can be explained as the amalgamation of all the waste 
management scenario variables, also known as integrated waste management (Bahor et al., 
2009). In fact according to (UNEP, 1996) the concept of integrated waste management is 
known as “a framework of reference for designing and implementing new waste 
management systems and for analysing and optimising existing systems.” This concept 
Chapter 5 – Implementation of the Waste Wedge Scenario 
 
91 | P a g e  
 
is based on a systems approach and incorporates the waste management hierarchy (Seadon, 
2006) as discussed in Section 2.4.3.  
In other words integrated waste management consists of the integration of different waste 
sources, collection and treatment methods. This is done whilst considering environmental, 
economic and social benefits (Williams, 2005). A pictorial representation of this concept is 
shown in Figure 5.1 (ISWA, 2009). In integrated waste management each treatment activity 
has a key role to play towards the achievement of the ultimate target.  
 
Figure 5.1 The concept of integrated waste management (ISWA, 2009)  
 
Integrated waste management is a long-term holistic policy framework that requires 
stakeholder consultation. The major stakeholders include investors, governmental agencies 
and public communities (Seadon, 2006), in other words it includes the whole community 
(MRRA, 2009b). Moreover the drivers for this policy include economic, socio-cultural, 
technological and political factors (Stone, 2003). The advantages of an integrated system are 
that it captures the various waste management systems in a single management system which 
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is easier to maintain. This system leads to higher revenues and better environmental 
performance (Williams, 2005). Conversely  such a system tends to be complex (Seadon, 
2006). 
 
5.2 The Precautionary Principle 
The precautionary principle is a proactive approach adaptable to the concept of integrated 
waste management and various other policies. This principle is intended to avoid damage to 
the environment and human populations (EU, 2000a). It obliges action before the actual 
damage happens and leads to a shift from post-damage to pre-damage control in highly 
complex systems (UNESCO, 2005). In fact it is intended for society to meet its current needs 
without limiting the abilities of future generations on the principle of sustainable development 
(UNESCO, 2005).  
According to (EU, 2000a) the precautionary principle can only be applied when three 
conditions are met, namely: the identification of potentially adverse effects, the analysis of the 
scientific data gathered and the presence of scientific uncertainty.  Thus such issues requires 
intervention to maintain the highest level of protection (UNESCO, 2005). Conversely 
whenever there is evidence that an issue is going to happen, other policies such as the 
producer responsibility act are applied.  
The amalgamation of the integrated waste management framework with the precautionary 
principle leads to the achievement of the concept of the waste management hierarchy 
presented in Figure 2.15 (EU, 2010). This is because higher waste prevention and reuse are 
predicted to be achieved. Moreover by knowing the environmental effects of the waste 
treatment technologies, a shift to more environmentally-friendly treatments is assumed to 
occur. Research conducted by (UNESCO, 2005) suggests that in order to achieve the full 
potential of the precautionary principle it must be combined with the extended producer 
responsibility.  
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5.3 Extended Producer Responsibility 
Article 8 of the EU‟s Waste Framework Directive (EU, 2008b) is specifically dedicated to 
extended producer responsibility also known as the polluter pays principle. This article states 
that in order to adhere to the waste management hierarchy any product manufacturer has 
extended producer responsibility. However due to the fact that Malta is reliant on imports, the 
responsibilities of this principle have to be also laid upon importers, wholesalers and retailers 
(MRRA, 2009b).  According to (OECD, 2011) extended producer responsibility is the 
extension of the product life cycle to the post-consumer stage. This responsibility includes the 
treatment of a certain quantity of waste generated by products put on the market by that 
manufacturer or importer. Moreover when applying the extended producer responsibility one 
must cater for the technical, economic, environmental and social feasibilities (EU, 2008b, 
OECD, 2011, Hatzi-Hull, 2010). Such policy is highly applied in packaging and packing 
waste which is a large constituent of MSW (Scerri-Diacono and Caruana, 2011). 
Extended producer responsibility is a policy that seeks to integrate the environmental impact 
of a product with its production (OECD, 2011). Furthermore EU member states must 
implement legislation that encourages the design of environmentally friendly products and 
assists the producers in recovering their waste (EU, 2008b). This leads the user to designing 
for disassembly, design for the environment, reduction in the quantity of material used and 
reduction in the material variations within a product (OECD, 2011). This concept of extended 
producer responsibility can be associated with a cycle as shown in Figure 5.2. Such a loop can 
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Figure 5.2 The concept of extended producer responsibility (Electro-Federation, 2010) 
 
 
5.4 Best Practicable Environmental Option  
According to (IEMA, 2009) the Best Practicable Environmental Option (BPEO) is the 
“outcome of a systematic consultative and decision-making procedure which 
emphasises the protection and conservation of the environment, across land, air and 
water.” This procedure yields the option that performs the least environmental harm within 
the stipulated budget and a given set of objectives. BPEO can be used on both short and long 
term projects (MRRA, 2009b). The benefit of this tool is that it not only gives the best option 
but supports the result with information on the environmental performance. Apart from 
environmental impacts and costs, the BPEO considers technical feasibility, safety, public 
acceptability and project goals and targets amongst other options. The BPEO is a tool that 
uses objective scientific principles that make it acceptable by various institutions (IEMA, 
2009).      
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5.5 The principles of Proximity and Self-Sufficiency 
The proximity principle promotes the treatment of waste close to the point of generation. This 
is intended to reduce the negative environmental impacts and costs of transport (Anthony, 
2004, Williams, 2005). Thus the proximity principle goes with the concept of integrated waste 
management (EU, 2008b) because it enhances environmental protection at reduced costs.  
Furthermore the self-sufficiency principle states that areas that generate waste should provide 
adequate facilities to manage the local waste generated (Williams, 2005). The idea is to 
reduce or eliminate the dependency on other communities to treat waste whenever possible 
(EU, 2008b).   
 
5.6 Implementation of the Waste Wedge Scenario  
In the previous sections various generic policies were discussed. It is intended that these 
policies will act as a framework for which other specific policies will be applied. The specific 
policies for this dissertation are mainly incorporated in Scenario 2. Coupling such policies 
together increases the possibility of success of the system.  
The resulting waste wedge scenario projects nearly constant GHG emissions from MSW for 
the next 50 years, 50% of the waste should be landfilled, 30% should be processed by MBT 
while 20% of recyclables should be exported.  This indicates that the primary local waste 
management treatment activities are landfilling and MBT. Therefore the country must provide 
adequate infrastructure for these activities to work smoothly.  
Considering landfilling which is highly popular in the islands (ADI-Associates, 2009), the 
challenge now is to decrease their usage to at least 50% of the total MSW. Furthermore the 
Maltese must practice landfilling according to the required standards (Bogner et al., 2007, 
ISWA, 2009). This requires capturing landfill gas for the production of electricity, whenever 
possible. Furthermore, one has to follow the implications of climate change on landfilling. 
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With the increase of global atmospheric temperatures, more methane will be released by 
landfills (Bogner et al., 2007) and this has to be considered in the technologies implemented.   
Malta must also seek to reach the targets specified in the regulations concerning landfills. The 
most relevant is the EU‟s Landfill directive (EU, 1999). This directive obliges a reduction in 
the biodegradable waste disposed in landfills. Biodegradable waste releases methane which is 
a primary source of GHG.  
The other treatment process of the Maltese waste wedge scenario is MBT. This is a 
technology that according to  (Bogner et al., 2007) can led to the achievement of climate 
change goals. Moreover with the increase of global atmospheric temperatures due to climate 
change, more gases would be generated by the biological process which leads to a higher 
potential for electricity generation (Bogner et al., 2007).  
However, contrary to landfilling, MBT is a recent activity in Malta. In fact the first plant was 
commissioned less than a year ago at the end of 2010 (Putzulu-Caruana, 2010). The current 
plant only takes 12% of the total MSW generated in Malta. However Malta‟s waste 
management strategy (MRRA, 2009a) mentions the plans for the construction of  two other 
MBT plants. One is planned to be constructed in Malta and the other in Gozo to cater for the 
waste produced on the sister island, in accordance with the principles of proximity and self-
sufficiency (Anthony, 2004, Williams, 2005). With these three plants in place it is assumed 
that the 30% MBT target mentioned in the waste wedge scenario will be reached. Moreover 
this MBT process, together with other polices would contribute to the achievement of the 
recovery of 20% recyclables for export target.  
A system of waste management also needs a proper collection system as part of its 
infrastructure. Currently there are three principal MSW collection methods namely the black 
bag, the gray bag and the bring-in sites as described in Section 2.5.3.1. In some cases the 
Maltese take it for granted that six times a week there is a free kerbside service for mixed 
waste (Valasco et al., 2008). However in order to achieve the ultimate goal one must consider 
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the revision of this system. This revision may consist of reducing the mixed waste collection 
to four or five times a week and increasing the recyclable waste (gray bag) collection from 
once to twice a week. However this should be a very circumspect  and highly researched 
decision because according to (Bogner et al., 2007) efficiency of the kerbside collection 
highly affects the recycling percentage. Furthermore there should also be the construction of 
the Gozo waste transfer station as mentioned in Malta‟s waste management strategy (MRRA, 
2009a). This would assist in the recovery, separation and transfer of Gozitan waste (not 
treated in Gozo) to Malta. 
There should be an increased effort to recover separated MSW and waste similar to MSW 
directly from the source without letting it mix with other types of waste. Thus companies in 
the catering and hospitality industry such as hotels, restaurants and other catering 
establishments should be significant contributors of separated waste. Such an arrangement in 
Malta could lead to the recovery of 20,000 tons of clean organic waste annually (MRRA, 
2009b).   
Independently of the result of the stabilisation wedges scenario, the solid waste management 
strategy for the Maltese islands (MRRA, 2009a) states that “waste minimisation remains a 
critical strategic objective”. Waste minimisation decreases the environmental burdens of 
waste and eases the compliance with EU regulations. One way of achieving this target is by 
employing extended producer responsibility schemes (Bogner et al., 2007). In this case it 
would be in the producer‟s interest to reduce the amount of waste introduced in the market to 
limit expenses.     
In a study conducted in Taiwan (Lu et al., 2006) success in waste reduction schemes is 
attributed to the combination of the collection system with waste separation for recycling. 
This was enforced by introducing fiscal penalties to those who dispose of mixed waste (i.e. 
biodegradable waste mixed with recyclable waste). Moreover this study attributes success to 
stakeholder integration and system monitoring and certification by third parties. Finally, 
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success is also credited to the implementation of the extended producer responsibility. In this 
case waste treatment activities are performed by specialised companies at the expense of the 
waste manufacturers (Lu et al., 2006).  
Starting with a national waste reduction scheme now as part of Scenario 2 will lead to the 
implementation of a long term approach. Moreover, in the previous chapter it was highlighted 
that after implementing Scenario 2 in accordance with (Pacala and Socolow, 2004) the 
Maltese should pursue with Scenario 7. Scenario 7 also includes waste minimisation. Thus by 
implementing waste minimisation now other future targets would be achieved in advance.  
In order to recover waste from the community there are various activities that one can 
implement. One of these activities is targeted communication and consultation (Seadon, 
2006). This involves the selection of directly involved stakeholders and informing them about 
the new adopted strategy, the technologies installed and the targets that Malta needs to reach. 
Moreover one needs to explain how the stakeholder can contribute and the result of this 
contribution. It is important to introduce a sense of responsibility within the people to 
encourage their contribution.  
One specific stakeholder target is school children. Today‟s school children are tomorrow‟s 
opinion formers, decision makers and service providers. School children do not only 
contribute to suitable waste management by their direct actions but influence their parents and 
other society members (MRRA, 2009b).      
The aspect of education could simultaneously be tackled from a different perspective by 
implementing a top-down approach. Increasing research incentives on waste management at 
tertiary level education would lead to dissemination of local knowledge in this field (MRRA, 
2009a). This would lead to increased awareness in the subject and make the people more 
interested in it. Furthermore keeping an updated and easy to access statistical database will 
lead to further motivation and interest from students and investors in this field (Scerri-
Diacono and Caruana, 2011).  
Chapter 5 – Implementation of the Waste Wedge Scenario 
 
99 | P a g e  
 
Fiscal incentives are a group of policy tools that can boost public compliance with the 
implemented schemes. There are various types of applicable fiscal incentives. For example 
introducing a landfill tax to distract the public from using landfill and starting to utilise other 
activities (Tojo and Fischer, 2011, Bogner et al., 2007).  A further fiscal incentive is the 
introduction of the Pay-as-you-throw mechanism (Bogner et al., 2007). Here whoever is 
disposing waste is required to pay according to how much he disposed. Another incentive is 
to give a tax rebate to those manufacturers or importers who present their sustainable waste 
management services bill. Enforcement could also be done by implementing contraventions 
imposed on those who do not follow the waste management policies in place (Lu et al., 2006). 
This is contrary to the current Maltese policies in place because in Malta there are no 
economic incentives for waste producers and commercial enterprises to reduce or separate 
waste (MRRA, 2009b).   
In any policy implemented in Malta‟s scenario one must consider micro-enterprises i.e. 
companies that employ less than 10 people (EU, 2011b). In fact micro companies make up 
more than 95% of the Maltese commerce, a higher percentage than the EU-27 which amounts 
to 91.8% (EU, 2009b). In the majority of the cases these small companies find it harder than 
their larger counterparts to cope with the expenses accrued and regard waste management 
costs as an added expense. This situation is mainly due to difficulties in coping with 
economies of scale, which is a characteristic of the Maltese islands (Schembri, 2010).  
Furthermore due to the absence of large industries (that could take back waste to 
reincorporate it within the product life cycle) the Maltese are faced with high expenses on 
waste export for recycling or disposal. Apart from opposing the proximity and self-
sufficiency principles (Anthony, 2004, Williams, 2005), such issues make it more difficult to 
reach the target of implementing waste management cost fees that reflect true costs, without 
causing social or economic difficulties (MRRA, 2009b).   
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There should be an effort to increase the number of private companies providing waste 
management services. Such companies are low in number in Malta‟s scenario (Schembri, 
2010). Private investment input offers a different dimension that can lead to increased 
progress in this sector similar to what happened in Taiwan (Lu et al., 2006). Moreover the 
Maltese authorities should consider the views of non-governmental organisations with respect 
to this sector (MRRA, 2009a). Such organisations are composed of people with passion for 
the environment and could give valuable feedback on policy making.   
The industry of waste management should be promoted to reduce its negative perception that 
unfortunately exists (Valasco et al., 2008) in some cases. One must work to increase the 
appeal of this industry and highlight the results it can yield when integrated with the principle 
of sustainable development. In fact a simplified CLD of this integration is presented in Figure 
5.3. This diagram results in a balancing loop where increase in sustainable waste management 
practice leads to a cleaner environment. With a clean environment there is a healthier society 
and higher tourist appeal of the islands. This leads to the creation of jobs in various sectors 
including green jobs i.e. those jobs directly related to the environmental sector (UNEP, 2008). 
Creation of jobs leads to economic growth which tends to create more waste as noted in 
Section 3.2.2.3. This leads to a balancing loop B1 in Figure 5.3 which introduces stability in 
this field that required in reaching sustainable development goals.   
Chapter 5 – Implementation of the Waste Wedge Scenario 
 
101 | P a g e  
 
 
Figure 5.3 Integrating waste management with sustainable development 
 
The Maltese must make an emphasis on environmental policy enforcement (Scerri-Diacono 
and Caruana, 2011) to increase the potential of reaching the targets set in Scenario 2. This 
must also be accompanied by the implementation of a rigorous monitoring system (MRRA, 
2009a). Such a system will serve as a feedback link that will lead to immediate modification 
of the policy to increase target conformity. Furthermore one must continuously keep 
improving previous targets for a long term continuous goal achievement  (Tojo and Fischer, 
2011). These ideas will put into practice the theoretical works of (Pacala and Socolow, 2004, 
Bahor et al., 2009) that reduces GHG emissions from the atmosphere that result in a better 
and healthier environment.     
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6 Conclusions 
Following the presentation of results and discussion in Chapter 4, the application of the 
resulting waste wedge scenario in the Maltese islands was discussed in the previous chapter. 
This chapter is intended to analyse whether the research questions, hypotheses and objectives 
set in the introductory chapter were answered. This analysis is followed by the main 
highlights of this work. Ultimately this chapter ends with some limitations and questions for 
future work in this area.  
This dissertation was largely based on the studies conducted by (Pacala and Socolow, 2004, 
Bahor et al., 2009) but focused on the Maltese islands case study. The work started by 
conducting a comprehensive literature review which highlighted the specific characteristics 
and necessities of the Maltese islands with respect to waste management and climate change 
mitigation. Moreover this review showed Malta‟s current situation in these fields. 
The literature review was followed up by the methodology. The latter was largely based on 
the life cycle assessment strategy. In fact the methodology consisted of the design of the 
policy scenarios for this work which are also explained by CLDs. The methodology also 
mentions the software packages utilised, the necessary assumptions and data requirements for 
this work. This is followed by the actual modelling and 50 year projections, the results of 
which are presented in Section 4.1. The discussion of Section 4.2 and policy implementation 
within the Maltese islands follows this work.  
This study shows that the initial hypothesis “The integrated waste management 
stabilisation wedge as a policy toolbox can contribute to the reduction of greenhouse 
gases emitted by the Maltese islands” is true. Two distinguishable results arising from this 
work can be found in Figure 4.1 and Figure 4.2. The first figure highlights the GHG trends of 
the various policy scenarios designed, while the latter figure shows the waste wedge scenario 
together with the GHG reductions brought about by this scenario.  Moreover Chapter 5, 
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dealing with policy implementation, gives further support to the contribution towards climate 
change offered by the integrated waste management stabilisation wedge when implemented as 
a policy toolbox.  
One can notice that this dissertation has answered all the research questions and objectives set 
out in the introduction. The literature review, along with other sections, assesses the current 
waste management practices in the Maltese islands. The application of the stabilisation 
wedges strategy (Pacala and Socolow, 2004) is referred to in the whole study. However it is 
the methodology chapter that considers it from a technical point of view due to the LCA 
work. 
The quantification of the GHG emissions from current waste management practices (referred 
to as the BAU Scenario) and nine other policy scenarios was achieved. This is considered to 
be the principal contribution of this work. Following this, a policy framework to control and 
reduce the GHG generated by the Maltese islands from the waste management sector is 
discussed. Ultimately this work indicates that this policy toolbox is able to contribute towards 
success in the Maltese islands in waste management and climate change mitigation.  
 
6.1 Work Highlights  
The following highlights emerge from this dissertation: 
 Malta started to practice sustainable waste management in the last decade (Wasteserv, 
2008); 
 The Maltese islands are highly dependent on landfilling (Eurostat, 2011a); 
 Waste management is the second highest cause of GHG emissions in the Maltese 
islands following energy generation and transport together (MRA, 2011); 
 The stabilization wedges is a tool capable of combating climate change (Pacala and 
Socolow, 2004); 
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 Integrated waste management can act as wedge in the stabilization wedges strategy 
(Bahor et al., 2009); 
 There are various regulations related to waste management and GHGs that the 
Maltese islands must follow; 
 The Maltese stabilizing waste wedge scenario consists of 50% landfilling, 30% MBT, 
and 20% recyclable waste export; 
 In 50 years, Malta‟s stabilizing waste wedge scenario will reduce GHG emissions by 
16Mt CO2-e with respect to a BAU scenario; 
 The results obtained in this study are coherent with the works of (Pacala and 
Socolow, 2004, Bahor et al., 2009); 
 The scenarios designed yield highly diversified GHG trends; 
 This work proves the works of (Christensen et al., 2009, UNEP, 2010) that waste 
management can lead to GHG reductions; 
 The relationship of waste recycled in proportion to GHG recovered is obtained in this 
study; 
 A reduction in GHG emissions can lead to less public environmental awareness and 
hence the generation of more waste. This is an unintended consequence that could 
lead to increased environmental harm;  
 GHG should be reduced by separating and reducing waste; 
 The relationship between GHG emissions and the amount of waste landfilled is 
obtained in the results; 
 The waste management plan for the Maltese islands is on the right track in terms of 
GHG mitigation; 
 The proactive approach is highly suggested for the field of waste management; 
 Collaboration between different nations is essential in order to achieve global GHG 
reduction targets; 
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 To increase the success of the waste wedge scenario, there should be the 
implementation of other guiding principles such as the precautionary principle, the 
extended producer responsibility, the best practicable environmental option and the 
principles of proximity and self-sufficiency; 
 Proper waste collection is indispensible in the concept of integrated waste 
management (Bogner et al., 2007); 
 Targeted communication, stakeholder integration and fiscal incentives are essential 
policy tools to achieve waste management targets; 
 When designing polices for the Maltese scenario, there should be consideration of  
micro sized enterprises which characterize the local industry; 
 Waste management is a principal player in the achievement of sustainable 
development; 
 
6.2 Limitations of this Work 
The following are some limitations of this work: 
 The 50 year time period for the GHG prediction is a relatively long time scale. In 
these circumstances the timescale could be too long to be completely dependable. 
 Some parts of the dissertation would have benefited if they were conducted by a team 
rather than an individual person. A case in point is the CLDs where, the larger the 
number of opinions the more diverse is the output result.  
 This dissertation dealt with emergent technologies, such as MBT, which so far have 
limited literature dedicated to them (Bahor et al., 2009). This led to the use of the tier 
1 modelling approach rather than tier 2 in some parts of the modelling. 
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6.3 Questions for Further Work 
The following are questions for further work brought out from this dissertation:  
 An economic evaluation of the scenarios considered in this work can be conducted. 
Amongst other issues this study would consider the capital investments involved and 
the unit running costs of MSW treatment. 
 A study that analyses whether the bring-in sites currently in place are serving their 
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7 Appendices 
Appendix I: Population and MSW Models 
 




MSW per capita in 
kg (current trend) 
1 2008 414039 672 
2 2009 416882 688 
3 2010 419725 704 
4 2011 422568 719 
5 2012 425411 734 
6 2013 428254 749 
7 2014 431096 763 
8 2015 433939 777 
9 2016 436782 791 
10 2017 439625 804 
11 2018 442468 817 
12 2019 445311 829 
13 2020 448154 841 
14 2021 450996 853 
15 2022 453839 865 
16 2023 456682 877 
17 2024 459525 888 
18 2025 462368 899 
19 2026 465211 910 
20 2027 468054 920 
21 2028 470896 930 
22 2029 473739 941 
23 2030 476582 951 
24 2031 479425 960 
25 2032 482268 970 
26 2033 485111 979 
27 2034 487954 989 
28 2035 490796 998 
29 2036 493639 1007 
30 2037 496482 1016 
31 2038 499325 1024 
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32 2039 502168 1033 
33 2040 505011 1041 
34 2041 507853 1049 
35 2042 510696 1058 
36 2043 513539 1066 
37 2044 516382 1073 
38 2045 519225 1081 
39 2046 522068 1089 
40 2047 524911 1096 
41 2048 527753 1104 
42 2049 530596 1111 
43 2050 533439 1119 
44 2051 536282 1126 
45 2052 539125 1133 
46 2053 541968 1140 
47 2054 544811 1147 
48 2055 547653 1153 
49 2056 550496 1160 
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MSW per capita in 
kg (reduction 
trend) 
1 2008 414039 672 
2 2009 416882 667 
3 2010 419725 662 
4 2011 422568 657 
5 2012 425411 652 
6 2013 428254 647 
7 2014 431096 642 
8 2015 433939 638 
9 2016 436782 633 
10 2017 439625 628 
11 2018 442468 623 
12 2019 445311 619 
13 2020 448154 614 
14 2021 450996 609 
15 2022 453839 605 
16 2023 456682 600 
17 2024 459525 596 
18 2025 462368 591 
19 2026 465211 587 
20 2027 468054 582 
21 2028 470896 578 
22 2029 473739 574 
23 2030 476582 569 
24 2031 479425 565 
25 2032 482268 561 
26 2033 485111 557 
27 2034 487954 553 
28 2035 490796 548 
29 2036 493639 544 
30 2037 496482 540 
31 2038 499325 536 
32 2039 502168 532 
33 2040 505011 528 
34 2041 507853 524 
35 2042 510696 520 
36 2043 513539 516 
37 2044 516382 512 
38 2045 519225 509 
39 2046 522068 505 
40 2047 524911 501 
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41 2048 527753 497 
42 2049 530596 494 
43 2050 533439 490 
44 2051 536282 486 
45 2052 539125 483 
46 2053 541968 479 
47 2054 544811 475 
48 2055 547653 472 
49 2056 550496 468 
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Appendix II: Software Data Sources   
 
Table 7.3 IPPC-Model Input Parameters 
Field/s Input Value/s 
Region Southern Europe 
Starting year 1977 (JRC, 2007, MRA, 2011) 
Fraction of DOC in MSW 0.17 (MRA, 2011) 
DOCf 0.5 (Default value) 
Methane generation constant 0.09 (MRA, 2011) 
Delay time 6 months (MRA, 2011) 
Oxidation factor (OX) 0 (MRA, 2011) 
Methane Correction Factor (MCF):  
- Unmanaged shallow landfill (1977- 1987) 
- Unmanaged deep landfill (1988-2004) 
- Managed deep landfill (2004 onwards) 
 
0.4 (MRA, 2011) 
0.6 (MRA, 2011)  
0.9 (MRA, 2011) 
Percentage of waste going to landfill: 
- 1977-2007 
- 2008 onwards 
 
100% (MRA, 2011) 
Table 3.1 
MSW Composition Figure 2.13 
Population  Table 7.1 in Appendix I (Assumption 6)   
MSW per capita 
- Scenarios BAU, 1 – 6 
- Scenarios 7 – 9  
 
Table 7.1 in Appendix I (Assumption 7) 
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Table 7.4 SWM-GHG Calculator Input Parameters 
Filed/s Input Value/s 
Waste composition Figure 2.13 
Waste characteristics High water content (default value) 
Country specific GHG emission factor for 
electricity generation 
1295g CO2-e/kWh (IFEU, 2009) 
Recycling and Disposal percentage Table 3.1 
Efficiency of gas collection 40% (MRA, 2011) 
Treatment of collected landfill gas 95% flared; 5% electricity generation (MRA, 
2011) 
Incineration plant efficiency 15% for electricity generation (default value) 
Population  Table 7.1 in Appendix I (Assumption 6)   
MSW per capita 
- Scenarios BAU, 1 – 6 
- Scenarios 7 – 9  
 
Table 7.1 in Appendix I (Assumption 7) 
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